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Description

TECHNICAL FIELD

�[0001] The present invention relates to a power supply
device for electric discharge machining used in a wire
electric discharge machining apparatus that causes elec-
tric discharge between a wire electrode and a workpiece
serving as the other electrode (hereinafter referred to as
"inter-�electrode portion") to subject the workpiece to wire
electric discharge machining, and more particularly, to a
power supply device for electric discharge machining
used in a wire electric discharge machining apparatus
that performs wire electric discharge machining compli-
ant with a large current and a high frequency.

BACKGROUND ART

�[0002] It is a well- �known technique that wire electric
discharge machining can be performed at high speed
while preventing breaking of wire by applying large and
small current pulses to an inter-�electrode portion accord-
ing to a state of the inter-�electrode portion represented
by a length of a no-�load time. On the other hand, a rep-
etition frequency in wire electric discharge machining is
about 60 kilohertz to 100 kilohertz. However, when two
kinds of large and small current pulses are applied, a
ratio of occurrence of the respective current pulses are
50 percents for the large current pulse and about 50 per-
cents for the small current pulse, and the repetition fre-
quency of the large current pulse is 30 to 50 kilohertz.
�[0003] In general, when current peaks of respective
large and small current pulses are changed according to
a length of a no- �load voltage of a preliminary discharge
pulse, if control is performed with a small current pulse
(short circuit, immediate discharge) within a no-�load time
of 2 microseconds from voltage application and control
is performed with a large current pulse (normal dis-
charge) in a no-�load time of 2 microseconds or more from
voltage application, a ratio of occurrence of normal dis-
charge is a value about 1/2 to 1/3 of a total pulse number.
In addition, in short circuit or immediate discharge, oc-
currence of sludge tends to be time concentrated or po-
sition concentrated due to influence of flow of machining
liquid or the like, and when occurrence of sludge is dis-
charge concentrated, a repetition frequency increases.
�[0004] Fig. 1 is a diagram showing a list of character-
istic data concerning switching response times of switch-
ing elements with different rated capacities. In Fig. 1,
three field effect transistors (FETs) 1 to 3, one insulated
gate bipolar transistor (IGBT), and one IGBT module are
shown as switching elements, and a "capacity", a "gate
input capacity", a "turn-�on time", a "turn-�off time", and a
"minimum pulse width" are indicated for the respective
switching elements.
�[0005] The FET 1 has the "capacity" of 500 volts and
3 amperes, the "gate input capacity" of 330 picofarads,
the "turn- �on time" of 25 nanoseconds, the "turn- �off time"

of 50 nanoseconds, and the "minimum pulse width" of
77 nanoseconds. The FET 2 has the "capacity" of 500
volts and 10 amperes, the "gate input capacity" of 1050
picofarads, the "turn-�on time" of 85 nanoseconds, the
"turn-�off time" of 135 nanoseconds, and the "minimum
pulse width" of 210 nanoseconds. The FET 3 has the
"capacity" of 500 volts and 30 amperes, the "gate input
capacity" of 2800 picofarads, the "turn-�on time" of 172
nanoseconds, the "turn-�off time" of 300 nanoseconds,
and the minimum pulse width" of 472 nanoseconds.
�[0006] The IGBT has the "capacity" of 600 volts and
75 amperes, the "gate input capacity" of 4100 picofarads,
the "turn-�on time" of 600 nanoseconds, the "turn-�off time"
of 800 nanoseconds, and the "minimum pulse width" of
1400 nanoseconds. The IGBT modules has the "capac-
ity" of 600 volts and 400 amperes, the "gate input capac-
ity" of 20000 picofarads, the "turn- �on time" of 700 nano-
seconds, the "turn-�off time" of 1100 nanoseconds, and
the "minimum pulse width" of 1800 nanoseconds.
�[0007] In general, a switching element tends to have
longer switching response time when capacities of rated
voltage and rate current are larger. In addition, as shown
in Fig. 1, in general, a switching element having a smaller
current capacity tends to have a smaller gate input ca-
pacity even if a rated voltage is the same. In other words,
since smaller electric power is required for driving, an
operation of the switching element can be performed at
higher speed.
�[0008] Since an element having a small ON resistance
and small heat generation among the switching elements
has a large gate input capacity, the switching element
cannot perform a high-�speed operation. In addition, since
an element having a small gate input capacity and capa-
ble of performing a high-�speed operation has a large ON
resistance and a small maximum current capacity and
also has a large heat value, there is a problem in that,
for example, cooling of the element is costly and the el-
ement occupies a large space.
�[0009] Fig. 2 is a circuit diagram showing an example
of a structure of a conventional power supply device for
electric discharge machining. Fig. 3 is a block diagram
showing a structure of a power supply control circuit that
controls to drive switching elements S11a and S11 b of
a power supply unit for machining discharge 101.
�[0010] In Fig. 2, an electrode E consisting of a wire and
a workpiece W serving as the other electrode are ar-
ranged to be opposed to each other at an appropriate
interval in an electric discharge machining unit 100. A
power supply unit for machining discharge 101 and a
power supply unit for preliminary discharge 102 are pro-
vided with respect to this electric discharge machining
unit 100.
�[0011] The power supply unit for machining discharge
101 includes a variable DC power supply V11, switching
elements (e.g., FETs) S11a and S11b, and diodes D11,
D12, D13, and D14. The power supply unit for preliminary
discharge 102 includes a variable DC power supply V21,
a switching element (e.g., FET) S21, a resistor R21, and
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diodes D21 and D22.
�[0012] In the power supply unit for machining dis-
charge 101, a cathode electrode of the diode D11 and a
source electrode of the switching element S11a are con-
nected at a positive electrode terminal of the DC power
supply V11. In addition, a source electrode of the switch-
ing element S11b and an anode electrode of the diode
D12 are connected at a negative electrode terminal of
the DC power supply V11.
�[0013] A drain electrode of the switching element S11a
is connected to a cathode electrode of the diode D12 and
an anode electrode of the diode D13, and a cathode elec-
trode of the diode D13 is connected to the workpiece W.
A floating inductance L11 is present in a connection line
for the cathode electrode of the diode D13 and the work-
piece W.
�[0014] A drain electrode of the switching element S11b
is connected to an anode electrode of the diode D11 and
a cathode electrode of the diode D14. A floating induct-
ance L12 is present in a connection line for an anode
electrode of the diode D14 and the electrode E.
�[0015] In the power supply unit for preliminary dis-
charge 102, a source electrode of a switching element
S21 is connected to a positive electrode terminal of the
DC power supply V21, and a drain electrode of the switch-
ing element S21 is connected to an anode electrode of
the diode D21. A cathode electrode of the diode D21 is
connected to the workpiece W. A floating inductance L21
is present in a connection line for the cathode electrode
of the diode D21 and the workpiece W.
�[0016] A cathode electrode of the diode D22 is con-
nected to a negative electrode terminal of the DC power
supply V21, and an anode electrode of the diode D22 is
connected to the electrode E. A floating inductance L22
is present in a connection line for the anode electrode of
the diode D22 and the electrode E. A stray capacitance
C11 is present between the connection line for the cath-
ode electrode of the diode D21 and the workpiece W and
the connection line for the anode electrode of the diode
D22 and the electrode E.
�[0017] As shown in Fig. 3, the power supply control
circuit, which controls to drive the switching elements
S11a and S11b of the power supply unit for machining
discharge 101, includes a discharge detecting circuit 13
that detects a discharge current flowing to an inter-�elec-
trode portion (W-�E) 105, which is a part between the elec-
trode E and the workpiece W, an oscillation control circuit
14 that receives a start instruction pulse signal PK from
the discharge detecting circuit 13, and drive circuits 15a
and 15b to which a control pulse signal PC is inputted in
parallel from the oscillation control circuit 14. The switch-
ing element S11a and S11b are adapted to receive a
drive pulse signal PD from the drive circuits 15a and 15b
and apply a machining pulse signal PS to the inter-�elec-
trode portion (W-�E) 105.
�[0018] Next, operations of the conventional power sup-
ply device for electric discharge machining will be ex-
plained with reference to Figs. 2 to 4. Note that Fig. 4 is

a diagram explaining a principle of operation of the con-
ventional power supply device for electric discharge ma-
chining shown in Fig. 1.
�[0019] First, meaning of reference signs shown in Figs.
2 and 3 will be explained. In Fig. 2, a current IWE10 flow-
ing from the stray capacitance C11 to the electric dis-
charge machining unit 100 is a discharge start current.
A current IWE11 flowing from the power supply unit for
machining discharge 101 to the electric discharge ma-
chining unit 100 is an electric discharge machining cur-
rent. A current IWE22 flowing from the power supply unit
for preliminary discharge 102 to the electric discharge
machining unit 100 is a discharge maintenance current.
A current IWE flowing from the workpiece W to the elec-
trode E is an inter- �electrode current. In addition VWE
denotes an inter-�electrode voltage.
�[0020] In Fig. 3, reference signs tk, tc, td, ts denote
times (delay times) required for processing for receiving
inputs in the respective circuits and generating and out-
putting desired signals, respectively, and tr denotes a
delay time obtained by summing up the delay times. In
other words, the delay time tr is a time from the time when
the discharge detecting circuit 13 detects occurrence of
discharge in the inter- �electrode portion (W-�E) 105 of the
electric discharge machining unit 100 until the time when
the switching elements S11a and S11b can apply the
machining pulse PS to the inter-�electrode portion (W-�E)
105. Note that the inter-�electrode portion (W- �E) 105 will
be hereinafter simply represented as an inter- �electrode
portion.
�[0021] Incidentally, in Figs. 2 and 3, when the switching
element S21 of the power supply unit for preliminary dis-
charge 100 is turned ON in a state in which the inter-
electrode portion between the electrode E and the work-
piece W is not discharging and is not short-�circuited, a
voltage at the DC power supply V21 appears in the inter-
electrode portion. At the same time, the stray capacitance
C11 in the circuit is charged to the voltage at the DC
power supply V21. Note that a distance between the elec-
trode E and the workpiece W is controlled by a numerical
control device and a servo drive control device, which
are not shown in the figures, such that discharge occurs.
�[0022] When discharge occurs in the inter-�electrode
portion due to an output voltage at the DC power supply
V21, first, charges stored in the stray capacitance C1 in
the circuit are capacitor-�discharged to the inter- �electrode
portion, and the discharge start current IWE10 flows.
Consequently, a conductive path is formed in the inter-
electrode portion. To maintain this conductive path, since
a current has to be caused to continue to flow to the inter-
electrode portion even after the charges in the stray ca-
pacitance C11 in the circuit are fully discharged, the
switching element S21 is kept ON.
�[0023] As a result, the discharge maintenance current
IWE22 flows in a path of the DC power supply V21→the
switching element S21→the resistor R21→the diode
D21→the floating inductance L21 in the circuit→the
workpiece W→the electrode E→the floating inductance
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L22 in the circuit→the diode D22→the DC power supply
V21, and the conductive path formed in the inter- �elec-
trode portion is maintained. At this point, since the dis-
charge maintenance current IWE22 flows through the
resistor R21, a maximum value of the discharge mainte-
nance current IWE22 is limited to IWE22�(max)�=V21/R21
by the resistor R21. Therefore, since this discharge main-
tenance current IWE22 has a relatively small current val-
ue and is weak as machining energy, the discharge main-
tenance current IWE22 has a role of a preliminary dis-
charge current for causing the large electric discharge
machining current IWE11 to flow. As described below,
occurrence of discharge is detected according to the dis-
charge maintenance current IWE22 appearing in the in-
ter- �electrode portion simultaneously with the occurrence
of discharge, and the large electric discharge machining
current IWE11, which is to be caused to flow to the inter-
electrode portion, is outputted to the inter-�electrode por-
tion with a delay of a time tr from time t0 when the occur-
rence of discharge is detected.
�[0024] In other words, the discharge detecting circuit
13 detects the drop of an inter-�electrode voltage due to
the occurrence of discharge in the inter-�electrode portion
and outputs the start instruction pulse signal PK for a
large current output to an oscillation control circuit 14.
The oscillation control circuit 14 outputs the control pulse
signal PC of a pulse width, which is set according to a
machining state in the inter-�electrode portion, to the drive
circuits 15a and 15b. At the same time, the drive circuit
15a drives to turn ON the switching element S11b ac-
cording to the drive pulse signal PD in the same manner.
�[0025] Here, when all the switching elements S11a,
S11b, and S21 come into an ON operation state, a circuit,
to which plural DC power supplies with different voltages
are connected, is formed. In this case, elements in the
circuit are likely to be destroyed due to a potential differ-
ence including a surge voltage. Thus, when the switching
elements S11a and S11b are turned ON, the switching
element S21 is turned ON as a safety measure.
�[0026] In the power supply unit for machining dis-
charge 101, the switching elements S11a and S11b per-
form an ON operation simultaneously, whereby the large
electric discharge machining current IWE11 flows in a
path of the DC power supply V11→the switching element
S11a→the diode D13→the floating inductance L11 in the
circuit→the workpiece W→the electrode E→the floating
inductance L12 in the circuit→the diode D14→the switch-
ing element S11b→the DC power supply V11.
�[0027] When the control pulse signal PC from the os-
cillation control circuit 14 disappears, the drive circuits
15a and 15b drive to turn OFF the switching elements
S11a and S11b, respectively. At this point, the electric
discharge machining current IWE11 is to be caused to
continue to flow in the circuit by an inductive action of the
floating inductances L11 and L12 in the circuit. As a re-
sult, the electric discharge machining current IWE11 re-
turns to the DC power supply V11 in a path of the floating
inductance L11 in the circuit→the workpiece W→the

electrode E→the floating inductance L12 in the cir-
cuit→the diode D14→the diode D11→the DC power sup-
ply V11 and is regenerated.
�[0028] Next, in Fig. 4, the switching element S21 (3)
performs an ON operation, whereby an inter-�electrode
voltage VWE (1) changes to a certain voltage (voltage
at the DC power supply V21), and the capacitor C11 is
charged. When a discharge start current IWE10 (2)
caused by discharge of the capacitor C11 starts flowing
at the discharge start time t0, the inter-�electrode voltage
VWE (1) starts dropping. In addition, a discharge main-
tenance current IWE22 (4) starts flowing with a rising
inclination of V21/ �(L21+L22) affected by influence of the
floating inductance L21 and L22.
�[0029] The inter-�electrode voltage VWE (1) reaches a
lowest discharge voltage Va at certain time after the time
tk has elapsed from the discharge start time t0 and main-
tains the discharge voltage Va after that. The discharge
maintenance current IWE22 (4) reaches a predeter-
mined value (IWE22�(max)�=V21/R21) around time when
the discharge start current IWE10 (2) passes a peak val-
ue (certain time after the time tk has elapsed from the
discharge start time t0). Then, when the time tr has
elapsed from the discharge start time t0, since a switching
element S11 (8) serving as the switching elements S11a
and S11b performs an ON operation, the switching ele-
ment S21 (3) maintains an ON operation state until the
time tr elapses. Therefore, the discharge maintenance
current IWE2 (4) maintains the predetermined value
(IWE22 �(max)�=V21/R21) in the time tr during which the
switching element S21 (3) is performing the ON opera-
tion.
�[0030] When the time tk has elapsed from the dis-
charge start time t0, the discharge detecting circuit 13
detects drop of the inter-�electrode voltage VWE (1) to a
predetermined value or less and generates a start in-
struction pulse signal PK (5). This start instruction pulse
signal PK (5) is outputted in a time largely exceeding the
time tr in which the switching element S21 (3) is perform-
ing the ON operation. Subsequently, when a time (tk+tc)
has elapsed from the discharge start time t0, the oscilla-
tion control circuit 14 generates a control pulse signal PC
(6). This control pulse signal PC (6) is outputted in a time
(td+ts).
�[0031] Subsequently, when a time (tk+tc+td) has
elapsed from the discharge start time t0, the drive circuits
15a and 15b generate a drive pulse signal PD (7). A gen-
eration period of this drive pulse signal PD (7) is the same
as a generation period of the control pulse signal PC (6).
Finally, when a time (tk+tc+td+ts) has elapsed from the
discharge start time t0, that is, when the time tr has
elapsed from the discharge start time t0, a switching el-
ement S11 (8) serving as the switching elements S11a
and S11b performs an ON operation, and a machining
pulse signal PS is outputted. A period in which the switch-
ing element S11 (8) performs the ON operation is the
same as the generation period of the drive pulse signal
PD (7).
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�[0032] When the switching element S11 (8) performs
the ON operation, an electric discharge machining cur-
rent IWE11 (9) starts flowing. Since the electric discharge
machining current IWE11 (9) flows through the floating
inductances L11 and L12, the electric discharge machin-
ing current IWE11 (9) continues to rise with an inclination
of V11/�(L11+L12) in a period in which the switching ele-
ment S11 (8) is in an ON operation state. Usually, since
a voltage at the DC power supply V11 is two to three
times as high as a voltage at the DC power supply V21,
a rising inclination of the electric discharge machining
current IWE11 (9) is steeper than a rising inclination of
the discharge maintenance current IWE22 (4). When the
switching element S11 (8) performs an OFF operation,
the electric discharge machining current IWE11 (9) turns
to drop.
�[0033] Eventually, the inter-�electrode current IWE (10)
changes to IWE=IWE10+IWE22+IWE11. In other words,
a period of a time difference between the first discharge
start current IWE10 (2) and the final large electric dis-
charge machining current IWE11 (9) is joined by the dis-
charge maintenance current IWE22 (4) outputted from
the power supply unit for preliminary discharge 102. Con-
sequently, electric discharge machining can be per-
formed repeatedly while a discharge state in the inter-
electrode portion is maintained.
�[0034] Here, when the FET 2 shown in Fig. 1 is used
as the switching elements S11a and S11b, the delay time
tr from the discharge start time t0 until the electric dis-
charge machining current IWE11 appears in the inter-
electrode portion is usually about 410 nanoseconds. In
addition, a pulse width of capacitor discharge of the dis-
charge start current IWE10 is about 360 nanoseconds.
In 50 nanoseconds that is a difference between the delay
time tr and the pulse width, although it is likely that dis-
charge is cut off if this state is not changed, since the
discharge maintenance current IWE22 flows as de-
scribed above, the inter-�electrode current IWE is never
cut off.
�[0035] However, in the conventional power supply de-
vice for electric discharge machining, an upper limit value
of the discharge maintenance current IWE22 is limited
by the resistor R21. In addition, a current value is reduced
by the floating inductances L21 and L22 in the circuit in
an initial stage of a transient state. Therefore, there is a
problem in that the conductive path in the inter-�electrode
portion formed after occurrence of discharge cannot be
maintained, and input of the electric discharge machining
current IWE11 fails.
�[0036] In particular, in a large wire electric discharge
machining apparatus, since a distance between an inter-
electrode portion and a power supply device in an electric
discharge machining unit in the wire electric discharge
machining apparatus is long, a power supply cable con-
necting the inter- �electrode portion and the power supply
deice is also long. As a result, a floating inductance in a
circuit increases, and the discharge maintenance current
IWE22 may not rise even after the discharge start current

IWE10 disappears. Thus, a conductive path formed in
the inter- �electrode portion is cut off.
�[0037] In addition, in the resistor R21, an inductance
component due to a resistance winding is present, and
an inductance also increases to obtain a necessary re-
sistance. When the inductance of the resistor increases
in this way, the rising of the discharge maintenance cur-
rent IWE22 is further prevented. The first discharge start
current IWE10 is a current due to capacitor discharge
and actually includes an oscillation component. There-
fore, even if a maximum value of the discharge mainte-
nance current IWE22 is set somewhat large in advance,
the discharge maintenance current IWE22 is offset by a
component on a negative side of this oscillation, and the
conductive path formed in the inter-�electrode portion is
cut off.
�[0038] If the conductive path in the inter-�electrode por-
tion secured by the discharge start current IWE10 is cut
off in this way before the electric discharge machining
current IWE11 is inputted, an action of supplying the elec-
tric discharge machining current IWE11 stably using the
discharge maintenance current IWE22 serving as a pre-
liminary discharge current is not obtained. Thus, various
failures occur in electric discharge machining.
�[0039] In short, in a state in which the conductive path
in the inter- �electrode portion is cut off, since an output
terminal of the power supply unit for machining discharge
101 is in an opened state, the electric discharge machin-
ing current IWE11 does not flow. Normal electric dis-
charge machining is not performed in this case. When
frequency of occurrence of such a state increases, the
number of times of effective discharge decreases. As a
result, there is a problem in that machining speed, which
should be obtained originally, cannot be obtained, and
further improvement of the machining speed cannot be
realized.
�[0040] Since a voltage at the DC power supply V11 is
usually set two to three times as large as a voltage at the
DC power supply V21 to output a large current in a short
time. However, when there is no conductive path in the
inter-�electrode portion and the DC power supply V11 is
in an opened state, a high voltage at this DC power supply
V11 is applied to the inter- �electrode portion. As a result,
discharge is caused by this high voltage anew, and a
large current flows to the inter- �electrode portion suddenly
without preliminary discharge. As a result, when a wire
electrode is thin, the wire electrode is broken. Even if
breakage does not occur in the wire electrode, there is
a problem in that, for example, a machining surface is
roughened, machining accuracy is deteriorated, and sta-
ble electric discharge machining characteristics cannot
be obtained.
�[0041] Concerning the problems as described above,
Japanese Patent Application Publication No. H5-9209
(power supply for wire cut electric discharge machining
apparatus) points out the same problems and, as a so-
lution for the problems, discloses a technique for provid-
ing a circuit, in which an inductance and a capacitor are
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connected in series, in parallel with an inter-�electrode
portion and maintaining a conductive path of the inter-
electrode portion after occurrence of discharge, that is,
keeping a discharge state stably to prevent decline in
machining efficiency. However, in this measure, since an
excess capacitor is added in the inter-�electrode portion
eventually, for example, an electric capacitance viewed
from a power supply device side increases according to
a stray capacitance in the circuit, a rising time constant
at the time when an output voltage is applied to the inter-
electrode portion increases, and rising of an inter- �elec-
trode voltage is delayed. Consequently, since a voltage
application time until discharge is caused becomes long,
there is a disadvantage in that the number of times of
effective discharge decreases and the machining effi-
ciency cannot be improved sufficiently.
�[0042] In addition, in the power supply for wire cut elec-
tric discharge machining apparatus disclosed in Japa-
nese Patent Application Publication No. H5-9209, a pe-
culiar oscillation frequency is obtained according to val-
ues of the inductance and the capacitor to be added.
However, in recent years, a power supply device for elec-
tric discharge machining of a bipolar type, which alter-
nately changes a polarity of a voltage applied to an inter-
electrode portion to output oscillation, is mainly used. In
this case, the added capacitor repeats charging and dis-
charging operations according to at least an oscillation
frequency of voltage application. A dielectric loss is
present even in a capacitor for a high-�frequency applica-
tion. Therefore, in the technique disclosed in Japanese
Patent Application Publication No. H5-9209, in addition
to a problem of limiting the oscillation frequency of voltage
application, there is also a problem in that heat generation
occurs due to the dielectric loss, and a loss of supply
energy is also caused.
�[0043] The present invention realizes a large current
and a high frequency necessary for high-�speed machin-
ing such that both the large current and the high frequen-
cy can be attained. As prior examples concerning this
point, for example, there are Japanese Patent Applica-
tion Laid-�Open No. H11-48039 (electric discharge ma-
chining power supply device for electric discharge ma-
chine), Japanese Patent Application Laid-�Open No.
S64-11713 (electric discharge machining power supply),
and Japanese Patent Application Laid-�Open No.
H8-118147 (electric discharge machining power supply
control device for wire electric discharge machine).
�[0044] Japanese Patent Application Laid-�Open No. H
11-48039 (electric discharge machining power supply
device for electric discharge machine) and Japanese
Patent Application Laid- �Open No. S64-11713 (electric
discharge machining power supply) disclose a technique
for supplying a large current to a machining gap but do
not examine efficiency of a circuit and a heat loss. In
other words, there is a problem in that, when a switching
element excellent in a low- �loss characteristic with a large
current capacity is used to improve a heat loss and
switching efficiency at the time when a large current is

supplied, a gate input capacity is increased, a rising char-
acteristic of a turn current is deteriorated, arc cut-�off eas-
ily occurs, and wire breakage occurs frequently.
�[0045] Japanese Patent Application Laid-�Open No.
H8-118147 (electric discharge machining power supply
control device for wire electric discharge machine) dis-
closes a technique for preventing wire breakage more
surely by applying three kinds of large, medium, and
small current pulses. However, since the power supply
control device includes identical switching elements and
drive circuits, for example, when a thick wire electrode
of φ0.35 or the like is used, it is necessary to increase
the number of parallels of switching elements. Thus,
there is a problem in that cost increases and a power
supply device cannot be reduced in size.
�[0046] In short, in conventional examples including the
prior examples described above, there is a problem in
that, although a large current can be supplied, when a
discharge frequency increases, an energy loss of a
switching element increases rapidly, and the switching
element is thermally broken. There is also a problem in
that, even if the switching element is not thermally broken,
it is necessary to excessively increase a capacity of a
thermal converter to protect the switching element from
an increased switching loss, and reduction in cost and
reduction in size of a power supply device cannot be re-
alized. For example, it is difficult to use a switching ele-
ment, which has a low loss and is suitable for large current
supply, like an IGBT in an area in which a repetition fre-
quency is high (e.g., 40 kilohertz). Since, in general, a
small current capacity switching element has a large ON
resistance, a heat loss increases excessively when an
ON time is long, and discharge treatment is costly.
�[0047] DE 43 39 191 A1 and US 5,539,178 relate to a
method and apparatus for controlling the power supply
for an electrical discharge machine. A power supply high
in efficiency and small in current ripple is provided to
achieve a power supply reduced in size and price. A
switching power supply system is used jointly to generate
an optimal wave form, wherein a first switching device is
switched on/off in an optional cycle under the control of
a current command value signal and an optional shape
of current pulse is supplied to a machining gap.
DE4339191 A1 discloses in combination the features of
the preamble of claim 1.
�[0048] EP 0 707 915 A1 discloses a power supply unit
for an electric discharge machine, which comprises at
least two switching elements interposed in series be-
tween a DC power source and an inter-�electrode gap,
wherein these switching elements are controlled so that
individual switching elements are simultaneously in an
ON state for a partial period.

DISCLOSURE OF THE INVENTION

�[0049] The present invention has been devised in view
of the problems described above, and it is an object of
the present invention to obtain a power supply device for
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electric discharge machining in which wire electric dis-
charge machining coping with a large current and a high
frequency can be performed efficiently with a switching
circuit, and the number of switching elements and a heat
value of the switching elements can be reduced.
�[0050] This object is achieved by a power supply de-
vice having the features of claim 1.
�[0051] A power supply device for electric discharge
machining according to one aspect of the present inven-
tion includes a switching circuit that supplies a discharge
pulse current to an inter-�electrode portion that is a portion
between an electrode and a workpiece serving as anoth-
er electrode arranged to be opposed to the electrode at
a predetermined interval; and a pulse-�width control unit
that generates a control pulse signal of a predetermined
pulse width in response to a detection signal for starting
a discharge at the inter- �electrode portion. The switching
circuit includes a switching circuit including a switching
element suitable for a high- �speed operation and a switch-
ing circuit including a switching element suitable for a
low-�speed operation, and receives the control pulse sig-
nal in parallel.
�[0052] A power supply device for electric discharge
machining according to another aspect of the present
invention includes a switching circuit that supplies a dis-
charge pulse current to an inter- �electrode portion that is
a portion between an electrode and a workpiece serving
as another electrode arranged to be opposed to the elec-
trode at a predetermined interval; and a pulse-�width con-
trol unit that generates a control pulse signal of a prede-
termined pulse width in response to a detection signal
for starting a discharge at the inter- �electrode portion. The
switching circuit includes a switching circuit including a
switching element suitable for a high-�speed operation;
and a switching circuit including a switching element suit-
able for a low-�speed operation, and receives the control
pulse signal in parallel. The switching circuit includes a
first switching circuit that receives a detection signal for
discharge start in the inter-�electrode portion; and a sec-
ond switching circuit that receives a control pulse signal
of a predetermined pulse width generated in response
to the discharge start. The first switching circuit includes
either of the switching element suitable for the high-
speed operation and the switching element suitable for
the low-�speed operation. The second switching circuit
includes the switching element suitable for the low-�speed
operation.
�[0053] A power supply device for electric discharge
machining according to still another aspect of the present
invention includes a first pulse-�width control unit and a
second pulse-�width control unit that generate a control
pulse signal of a first pulse width and a control pulse
signal of a second pulse width, respectively, in response
to starting of a discharge in an inter- �electrode portion that
is a portion between an electrode and a workpiece serv-
ing as another electrode arranged to be opposed to the
electrode at a predetermined interval; a first switching
circuit that receives the control pulse signal of the first

pulse width and supplies a discharge pulse current to the
inter- �electrode portion, the first switching circuit including
a first switching circuit that includes a switching element
suitable for a low-�speed operation; a second switching
circuit that receives the control pulse signal of the second
pulse width and supplies a discharge pulse current to the
inter- �electrode portion, the switching circuit including a
second switching circuit that includes a switching ele-
ment suitable for a high-�speed operation; a discharge-
state judging unit that judges a discharge state at a time
of starting the discharge in the inter-�electrode portion
from among a normal discharge state, an immediate dis-
charge state, and a short circuit state; and a current-�pulse
selecting unit that issues an output instruction to the first
pulse-�width control unit when the discharge-�state judging
unit judges that the discharge state is the normal dis-
charge state, and issues an output instruction to the sec-
ond pulse-�width control unit when the discharge-�state
judging unit judges that the discharge state is either of
the immediate discharge state and the short circu it state.
�[0054] A power supply device for electric discharge
machining according to still another aspect of the present
invention includes a first pulse-�width control unit and a
second pulse-�width control unit that generate a control
pulse signal of a first pulse width and a control pulse
signal of a second pulse width, respectively, in response
to starting of a discharge in an inter- �electrode portion that
is a portion between an electrode and a workpiece serv-
ing as another electrode arranged to be opposed to the
electrode at a predetermined interval; a first switching
circuit that receives the control pulse signal of the first
pulse width and supplies a discharge pulse current to the
inter- �electrode portion, the first switching circuit including
a first switching circuit that includes a switching element
suitable for a low-�speed operation; a second switching
circuit that receives the control pulse signal of the second
pulse width and supplies a discharge pulse current to the
inter- �electrode portion, the switching circuit including a
second switching circuit that includes a switching ele-
ment suitable for a high-�speed operation; a discharge-
state judging unit that judges a discharge state at a time
of starting the discharge in the inter-�electrode portion
from among a normal discharge state, an immediate dis-
charge state, and a short circuit state; and a current-�pulse
stop unit that issues an output stop instruction to the first
pulse-�width control unit when the discharge-�state judging
unit judges that the discharge state is either of the imme-
diate discharge state and the short circuit state.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0055] Fig. 1 is a diagram of a list of characteristic data
concerning switching response times of switching ele-
ments with different rated capacitances; Fig. 2 is a circuit
diagram of an example of a structure of a conventional
power supply device for electric discharge machining;
Fig. 3 is a block diagram showing a structure of a power
supply control circuit that controls to drive switching ele-
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ments in a power supply unit for machining discharge
shown in Fig. 2; Fig. 4 is a diagram explaining a principle
of operation of the conventional power supply device for
electric discharge machining by the power supply control
circuit shown in Fig. 3; Fig. 5 is a circuit diagram of a
main structure of a power supply device for electric dis-
charge machining that is a first embodiment of the
present invention; Fig. 6 is a block diagram of a structure
of a power supply control circuit that controls to drive
switching elements of the power supply device for electric
discharge machining shown in Fig. 5; Fig. 7 is a diagram
explaining a principle of operation of the power supply
device for electric discharge machining by the power sup-
ply control circuit shown in Fig. 6; Fig. 8 is a diagram
showing operation waveforms of respective portions of
the power supply device for electric discharge machining
that is actuated by the power supply control circuit shown
in Fig. 6; Fig. 9 is a diagram explaining a relation between
a heat value and machining speed at the time when the
switching elements shown in Fig. 1 are used; Fig. 10 is
a block diagram of a structure of a power supply control
circuit included in a power supply device for electric dis-
charge machining that is a second embodiment of the
present invention; Fig. 11 is a diagram explaining a prin-
ciple of operation of the power supply device for electric
discharge machining by the power supply control circuit
shown in Fig. 10; Fig. 12 is a diagram of operation wave-
forms of respective portions of the power supply device
for electric discharge machining that is actuated by the
power supply control circuit shown in Fig. 10; Fig. 13 is
a block diagram of a structure of a power supply control
circuit included in a power supply device for electric dis-
charge machining that is a third embodiment of the
present invention; Fig. 14 is a block diagram of a power
supply control circuit included in a power supply device
for electric discharge machining that is a fourth embod-
iment of the present invention; Fig. 15 is a diagram ex-
plaining a principle of operation of the power supply de-
vice for electric discharge machining by the power supply
control circuit shown in Fig. 14; Fig. 16 is a diagram ex-
plaining a relation between gate drive signals outputted
by the power supply control circuit shown in Fig. 14 and
an inter- �electrode current in the power supply device for
electric discharge machining; Fig. 17 is a block diagram
of a structure of a power supply control circuit included
in a power supply device for electric discharge machining
that is a fifth embodiment of the present invention; Fig.
18 is a block diagram of a structure of a power supply
control circuit included in a power supply device for elec-
tric discharge machining that is a sixth embodiment of
the present invention; Fig. 19 is a block diagram of a
structure of a power supply control circuit included in a
power supply device for electric discharge machining that
is a seventh embodiment of the present invention; Fig.
20 is a diagram explaining a principle of operation of the
power supply device for electric discharge machining by
the power supply control circuit shown in Fig. 19; Fig. 21
is a block diagram of a structure of a power supply control

circuit included in a power supply device for electric dis-
charge machining that is an eighth embodiment of the
present invention; and Fig. 22 is a diagram explaining a
principle of operation of the power supply device for elec-
tric discharge machining by the power supply control cir-
cuit shown in Fig. 21.

BEST MODE FOR CARRYING OUT THE INVENTION

�[0056] Exemplary embodiments of a power supply de-
vice for electric discharge machining according to the
present invention will be explained in detail with reference
to the accompanying drawings.
�[0057] Fig. 5 is a circuit diagram of a main structure of
a power supply device for electric discharge machining
that is a first embodiment of the present invention. Fig.
6 is a block diagram of a structure of a power supply
circuit that controls to drive switching elements of the
power supply device for electric discharge machining
shown in Fig. 5.
�[0058] In Fig. 5, an electrode E and a workpiece W are
arranged at an appropriate interval in an electric dis-
charge machining unit. A DC voltage (inter-�electrode volt-
age) can be applied between the electrode E and the
workpiece W from the outside at the time when discharge
is started. Note that a stray capacitance C1 is present
between the electrode E and the workpiece W.
�[0059] A variable DC power supply V1, switching ele-
ments Sa1,S1b, S2a, and S2b, and diodes D1 and D2
are arranged with respect to the electrode E and the work-
piece W. Here, an element suitable for a large current
and a low-�loss (e.g., IGBT) is used for the switching el-
ements S1a and S1b. In addition, an element suitable
for a high-�speed operation (e.g., FET) is used for the
switching elements S2a and S2b.
�[0060] One signal electrodes of the switching elements
S2a and S1a connected in parallel and a cathode elec-
trode of the diode D2 are connected to a positive terminal
of the DC power supply V1. In addition, one signal elec-
trodes of the switching elements S1b and S2b connected
in parallel and an anode electrode of the diode D1 are
connected to a negative terminal of the DC power supply
V1.
�[0061] The other signal electrodes of the switching el-
ements S2a and S1a connected in parallel are connected
to the workpiece W together with a cathode electrode of
the diode D1. A floating inductance L1 is present in this
connection line. The other signal electrodes of the switch-
ing elements S1b and S2b connected in parallel are con-
nected to the electrode E together with an anode elec-
trode of the diode D2. A floating inductance L2 is present
in this connection line.
�[0062] As shown in Fig. 6, the power supply control
circuit, which controls to drive the switching elements
S1a, S1b, S2a, and S2b, includes a discharge detecting
circuit 3 that detects a discharge current flowing to an
inter- �electrode portion (W- �E) 105 that is a portion be-
tween the electrode E and the workpiece E, an oscillation
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control circuit 4 that receives a start instruction pulse sig-
nal PK from the discharge detecting circuit 3, and drive
circuits 5a, 5b, 6a, and 6b to which a control pulse signal
PC is inputted in parallel from the oscillation control circuit
4. The switching elements S1a and S1b receive a drive
pulse signal PD1 from the drive circuits 5a and 5b and
the switching elements S2a and S2b receive a drive pulse
signal PD2 from the drive circuits 6a and 6b to apply a
machining pulse signal PS to the inter-�electrode portion
(W-�E) 105, respectively.
�[0063] The discharge detecting circuit 3 includes, for
example, a reference voltage 21, a comparator 22, and
a series circuit of resistance elements 23 and 24 for di-
viding an inter- �electrode voltage VWE. The discharge
detecting circuit 3 gives a divided voltage at the series
circuit of the resistance elements 23 and 24 to a positive
phase input terminal (+) of the comparator 22 and gives
the reference voltage 21 to a negative phase input ter-
minal (-) of the comparator 22. When the inter-�electrode
voltage VWE drops from an initial value to the reference
voltage 21 or less, an output level of the comparator is
reversed, whereby the discharge detecting circuit 3 de-
tects discharge start in the inter- �electrode portion.
�[0064] The drive circuits 5a and 5b include, for exam-
ple, a buffer 25 to which the control pulse signal PC is
inputted, a driver consisting of two transistors 27 and 28
to which an output of the buffer 25 is inputted via a re-
sistance element 26, and a resistance element 29 that
connects an output terminal of the driver and control ter-
minals of the switching elements S1a and S1b. The driver
circuits 6a and 6b include, for example, a buffer 30 to
which the control pulse signal PC is inputted and a re-
sistance element 31 that connects an output terminal of
the buffer 30 and control terminals of the switching ele-
ments S2a and S2b.
�[0065] Next, operations of the power supply device for
electric discharge machining according to the first em-
bodiment will be explained with reference to Figs. 5 to 9.
Note that Fig. 7 is a diagram explaining a principle of
operation of the power supply device for electric dis-
charge machining by the power supply control circuit
shown in Fig. 6. Fig. 8 is a diagram of operation wave-
forms of respective portions of the power supply device
for electric discharge machining according to the power
supply control circuit shown in Fig. 6. Fig. 9 is a diagram
explaining a relation between a heat value and machining
speed at the time when the switching elements shown in
Fig. 1 are used.
�[0066] First, meanings of reference signs shown in
Figs. 5 and 6 will be explained. In Fig. 5, a current IWE0
flowing from the stray capacitance C1 to the workpiece
W is a discharge start current. A current IWE1 flowing
from one signal electrode to the other signal electrode in
the switching element S1a (S1b) is an electric discharge
machining current. A current IWE2 flowing from one sig-
nal electrode to the other signal electrode in the switching
element S2a (S2b) is a discharge maintenance current.
A current IWE flowing from the workpiece W to the elec-

trode E is an inter-�electrode current. VWE indicates an
inter- �electrode voltage.
�[0067] In Fig. 6, reference signs tk, tc, and tc denote
times (delay times) required for processing for receiving
inputs in the circuits and generating and outputting de-
sired signals, respectively. Reference sign ts1 denotes
a delay time in the switching elements S1a and S1b. Ref-
erence sign ts2 denotes a delay time in the switching
elements S1a and S1b. Reference sign tr1 denotes a
delay time from a point when discharge occurs (time t0)
until a point when a large electric discharge machining
current IWE1 appears in the inter-�electrode portion. Ref-
erence sign tr2 denotes a delay time from a point when
discharge occurs (time t0) until a point when the dis-
charge maintenance current IWE2 appears in the inter-
electrode portion.
�[0068] In Figs. 5 to 7, a predetermined inter- �electrode
voltage VWE is applied to the inter- �electrode portion from
another power supply device, which is not shown in the
figure, to bring the inter- �electrode portion into a state in
which discharge can be performed. Consequently, ca-
pacitor discharge due to the stray capacitance C1 in the
circuit occurs, and the discharge start current IWE0 ap-
pears in the inter-�electrode portion. The inter-�electrode
voltage VWE drops rapidly and stabilizes at a lowest dis-
charge voltage Va after the time tk has elapsed from the
discharge start time t0 ((1) in Fig. 7).
�[0069] When the discharge detecting circuit 3 detects
the inter- �electrode voltage VWE dropping to be lower
than the reference voltage 21 with the comparator 21 and
detects occurrence of discharge in the inter-�electrode
portion, the discharge detecting circuit 3 outputs the os-
cillation start instruction pulse signal PK to the oscillation
control circuit 4 after the delay time tk from a point of the
detection (discharge start time t0). The oscillation start
instruction pulse PK is outputted until the inter- �electrode
voltage VWE disappears ((2) in Fig. 7). The oscillation
control circuit 4 receives the oscillation start instruction
pulse signal PK and outputs the control pulse signal PC
of a pulse width set in advance to the drive circuits 5a,
5b, 6a, and 6b after the delay time tc according to a ma-
chining state in the inter- �electrode portion ((3) in Fig. 7).
�[0070] Consequently, the drive circuits 5a and 5b out-
put the drive pulse signal PD1 having a predetermined
pulse width to the switching elements S1a and S1b to
drive to turn ON the switching elements S1a and S1b
after the delay time td ((4) in Fig. 7). The switching ele-
ments S1a and S1b come into an ON operation state for
a fixed period t1 (on) after the delay time ts1 ((5) in Fig.
7). Since the current IWE1 flowing in the switching ele-
ments S1a and S1b appears in the inter-�electrode portion
through the floating inductances L1 and L2, the current
IWE1 continues rising with a certain inclination in the fixed
period t1 (on) and turns to drop simultaneously with end
of the fixed period t1 (on) ((8) in Fig. 7).
�[0071] The drive circuits 6a and 6b output the drive
pulse signal PD2 having a predetermined pulse width to
the switching elements S2a and S2b to drive to turn ON
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the switching elements S2a and S2b after the delay time
td ((6) in Fig. 7). The switching elements S2a and S2b
come into an ON operation state for a fixed period t2 (on)
after the delay time ts2 ((7) in Fig. 7). Since the current
IWE2 flowing in the switching elements S2a and S2b
appears in the inter-�electrode portion through the floating
inductances L1 and L2, the current IWE2 continues rising
with a certain inclination in the fixed period t2 (on) and
turns to drop simultaneously with end of the fixed period
t2 (on) ((8) in Fig. 7).
�[0072] Here, since the switching elements S1a and
S1b are elements suitable for a large current and a low
loss, it is necessary to set the delay time ts1 large and
the period in which the switching elements S1a and S1b
are in the ON operation state (t1 (on)) also large. On the
other hand, since the switching elements S2a and S2b
are elements suitable for a high-�speed operation, the de-
lay time ts1 may be small, and the period in which the
switching elements S2a and S2b are in the ON operation
state (t2 (on)) may also be small. As shown in (5) and (7)
in Fig. 7, the delay time ts1 of the switching elements
S1a and S1b and the delay time ts2 of the switching el-
ements S2a and S2b are in a relation of ts1>ts2.
�[0073] As shown in (4) and (6) in Fig. 7, pulse widths
of the drive pulse signals PD1 and PD2 are in a relation
of PD1>PD2. Although, the pulse width of the drive pulse
signal PD1 is the same as the pulse width of the control
pulse signal PC outputted by the oscillation control circuit
4, end time thereof can be changed and set from the
outside. On the other hand, a fixed value may be used
for the pulse width of the drive pulse signal PD2 because
of a role of the drive pulse signal PD2.
�[0074] As a result, as shown in (8) in Fig. 7, first, a
current IME2 flowing in the switching elements S2a and
S2b appears as the inter- �electrode current IME after
elapse of the time tr2 (tk+tc+td+ts2=tr2). Thereafter, the
current IME1 flowing in the switching elements S1a and
S1b appears after elapse of the time tr1 (tk+tc+td+ts
1=tr1). It is seen that the current IME2 corresponds to
the discharge maintenance current IWE22 explained in
the conventional example, and the current IME1 corre-
sponds to the large electric discharge machining current
IWE11 explained in the conventional example.
�[0075] Then, by adjusting time positions and sizes of
the period in which the switching elements S1a and Sb1
are in the ON operation state (t1 (on)) and the period in
which the switching elements S2a and S2b are in the ON
operation state (t2 (on)), as shown in (8) in Fig. 7, the
discharge maintenance current IWE2 and the electric dis-
charge machining current IWE1 are generated to have
a large overlapping part.
�[0076] In Fig. 8, operation waveforms in portions relat-
ed to the inter-�electrode current IWE explained above
are extracted and shown. In Fig. 8, when the predeter-
mined inter-�electrode voltage VWE is applied to the inter-
electrode portion (1), the discharge start current IWE0
flows (2), and the discharge detecting circuit 3 outputs
the start instruction pulse signal PK at the discharge start

time t0 when the discharge detecting circuit 3 detects
drop of the inter- �electrode voltage VWE (3). A point when
the time tr2 has elapsed from the discharge start time t0
is about a point when the discharge start current IWE0
passes a peak value (9).
�[0077] At a point when the time tr2 has elapsed from
the discharge start time t0, the switching elements S2a
and S2b comes ino the ON operation state for the fixed
time t2 (on) according to the drive pulse signal PD2 (4),
and the discharge maintenance current IWE2 flows (5).
This discharge maintenance current IWE2 starts flowing
to replace the discharge start current IWE0 at a point
when the discharge start current IWE0 has passed the
peak value and drops to a certain value (9).
�[0078] The control pulse signal PC outputted by the
oscillation control circuit 4 has a pulse width set in ad-
vance (6), and the drive pulse signal PD1 is generated
with the same pulse width (7). At a point when the time
tr1 has elapsed from the discharge start time t0, the
switching elements S1a and S1 b come into the ON op-
eration state for the fixed period t1 (on) according to the
drive pulse signal PD1 (7), and the electric discharge
machining current IWE1 flows (8). This electric discharge
machining current IWE1 starts flowing replacing the dis-
charge maintenance current IWE2 at about a point when
the discharge maintenance current IWE2 turns to drop (9)
�[0079] As shown in (9) in Fig. 8, although the inter-
electrode current IWE changes to
IWE=IWEO+IWE2+IWE1 as in the conventional exam-
ple (see (10) in Fig. 4), an overlapping part of the currents
increases significantly compared with the conventional
example. Therefore, the inter- �electrode current IWE can
be adapted not to be cut off, and in addition, machining
energy can be increased with the large overlapping part.
Thus, machining efficiency is improved when the machin-
ing efficiency is compared at an identical discharge fre-
quency.
�[0080] Here, the switching elements S1a, S1b, S2a,
and S2b will be explained by applying specific elements
thereto. First, when it is assumed that the switching ele-
ment IGBT shown in Fig. 1 is selected as an element with
a large current capacity for the switching elements S1a
and S1b to cause a large current to flow, the delay time
ts1 is about 600 nanoseconds. Next, the switching ele-
ments S2a and S2b are decided as described below.
�[0081] A pulse width of the discharge start current
IWE0 caused by capacitor discharge is about 360 nano-
seconds. When the switching element FET2 shown in
Fig. 1 is used for the switching elements S2a and S2b,
the delay time tr2 from the discharge start time t0 until
the time when the discharge maintenance current IWE2
appears in the inter-�electrode portion is about 410 nano-
seconds as in the conventional example. This value is
larger than the pulse width of the discharge start current
IWE0. This causes cut-�off in the inter-�electrode current.
�[0082] Thus, the switching element FET1 shown in Fig.
1 is selected as an element with a small current capacity
for the switching elements S2a and S2b to cause only a
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current that can maintain discharge to flow. The delay
time ts2 in this case is about 25 nanoseconds which is
60 nanometers shorter than that of the FET2. When the
switching element FET1 is used, the delay time tr2 can
be reduced to 350 nanoseconds. This time is shorter than
the pulse width of 360 nanoseconds of the discharge
start current IWE0.
�[0083] Therefore, by using the switching element
FET1 shown in Fig. 1 for the switching elements S2a and
S2b, a period of a delay time after the output of the dis-
charge start current IWE0 until the time when the electric
discharge machining current IWE1 appears can be sup-
plemented by the discharge maintenance current IWE2
generated by the switching elements S2a and S2b with-
out any gap. Thus, the conductive path of the inter-�elec-
trode portion can be maintained without cutoff of the inter-
electrode current IWE.
�[0084] In addition, the discharge maintenance current
IWE2 appears in the inter-�electrode portion about ts1-
ts2=575 nanoseconds earlier than the large electric dis-
charge machining current IWE1. Thus, if the fixed time
t2 (on), in which the switching elements S2a and Sb2 are
in the ON operation state, is set such that the pulse width
of the discharge maintenance current IWE2 is 575 na-
noseconds or more, the discharge maintenance current
IWE2 and the large electric discharge machining current
IWE1 can be formed in an output current waveform that
is continuous temporally.
�[0085] Next, a significance of the present invention will
be explained specifically with reference to Fig. 9. Note
that a horizontal axis in Fig. 9 indicates machining speed
[mm2/min], and a vertical axis indicates a heat value. In
Fig. 9, a characteristic 36 indicates a characteristic chart
at the time when the switching elements S1a, S1b, S2a,
and S2b include switching elements with a single char-
acteristic as in the conventional example, and the switch-
ing element 4 (IGBT) shown in Fig. 1 is used as an ele-
ment with a large capacity. A characteristic 37 indicates
a characteristic chart at the time when the switching el-
ements S1a, S1b, S2a, and S2b include switching ele-
ments with a single characteristic as in the conventional
example, and the switching element 1 (FET1) shown in
Fig. 1 is used as an element of a small capacity. A char-
acteristic 38 indicates a characteristic chart at the time
when the switching elements S1a, S1b, S2a, and S2b
include switching elements with different characteristics
according to the present invention, and the switching el-
ement 1 (FET1) and the switching element 4 (IGBT)
shown in Fig. 1 are used in combination. A characteristic
39 indicates a characteristic chart at the time when the
switching elements S1a, S1b, S2a, and S2b include
switching elements with a signal characteristic as in the
conventional example, and the switching element 1
(FET2) shown in Fig. 1 is used as an element with a small
capacity.
�[0086] Even when the switching elements S1a, S1b,
S2a, and S2b include a single switching element, only a
relatively small number of elements are required when

the switching element 4 (IGBT) shown in Fig. 1 is used
as an element with a large capacity. However, in a circuit
having only a large capacity switching element, since an
characteristic operation of the element is not fast suffi-
ciently, the electric discharge machining current IWE1
cannot be applied as early as possible while the dis-
charge start current IWE0 flows and the inter-�electrode
current continues. At the time of output of the electric
discharge machining current IWE1, an inter-�electrode
state is in insulation recovery (opened state without a
conductive path). In such an inter-�electrode state, as in
the conventional example, a high voltage at the DC power
supply V1 is applied to the inter-�electrode portion, new
discharge is caused by this high voltage, and a large
current is caused to flow to the inter-�electrode portion
suddenly without preliminary discharge. The discharge
is unstable, and as indicated by the characteristic 36,
only machining speed of up to about 200 [mm2/min] is
obtained, and the machining speed cannot be improved.
�[0087] On the other hand, when the switching ele-
ments S1a, S1b, S2a, and S2b include the switching el-
ement 1 (FET1) shown in Fig. 1, since this switching el-
ement 1 (FET1) is an element of high- �speed response,
the electric discharge machining current IWE1 can be
applied as early as possible while the discharge start
current IWE0 flows and the inter- �electrode current con-
tinues. Thus, the problem as described above never oc-
curs. However, in the circuit only with the switching ele-
ment 1 (FET1), since a current capacity of the element
is small, it is necessary to arrange a relatively large
number of elements in parallel to output the large electric
discharge machining current IWE1 directly in that state.
In addition, in a high-�speed machining area requiring a
large current, an ON resistance of a switching element
is large, and a maximum current capacity is small. Thus,
there is a problem in that a heat value increases as indi-
cated by the characteristic 37, and cooling for the element
is costly.
�[0088] On the other hand, according to the present in-
vention, the switching elements S1a, S1b, S2a, and S2b
include switching elements of different characteristics.
For example, the switching element 1 (FET1) and the
switching element 4 (IBGT) shown in Fig. 1 are used in
combination. As a result, the problems described above
are solved, and an electric discharge machining power
supply device of high- �speed response and with a large
current and a low loss as indicated by the characteristic
38 can be realized with a small number of switching el-
ements.
�[0089] Note that the characteristic 39 indicates a rela-
tion between machining speed and a heat value in a cir-
cuit configuration using the switching element 2 (FET2)
of Fig. 1 explained in the conventional example. It is seen
from comparison with the characteristic 38 obtained by
the present invention that a heat value at machining
speed of 300 mm2/min can be reduced significantly to
about 2/3 in the present invention.
�[0090] In this way, according to the first embodiment,
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a conductive path formed in the inter-�electrode portion
can be maintained stably without being extinguished dur-
ing a period of a delay time from preliminary discharge
in electric discharge machining until input of a machining
current. Thus, decline in machining efficiency due to fail-
ure in input of a machining current can be prevented.
Unnecessary breakage of an electrode line can also be
controlled. Therefore, machining efficiency and a ma-
chining speed can be improved.
�[0091] Since a machining current can be inputted
smoothly from preliminary discharge, roughing on a ma-
chining surface can be controlled to improve machining
accuracy and a machining quality. Moreover, since a
large capacity element with a relatively low speed in
switching response can also be used, the number of el-
ements can be reduced. As a result, the power supply
device itself can be reduced in size and can be provided
inexpensively. In addition, both large-�current and high-
frequency switching operations, which cannot be real-
ized in a single switching circuit, can be attained, high-
speed machining using a thick wire electrode is made
possible.
�[0092] Fig. 10 is a block diagram of a structure of a
power supply control circuit included in a power supply
device for electric discharge machining that is a second
embodiment of the present invention. Note that, in Fig.
10, components identical with or equivalent to the com-
ponents described in the first embodiment (Fig. 6) are
denoted by the identical reference numerals and signs.
Here, parts related to the second embodiment will be
mainly explained.
�[0093] In short, the power supply control circuit accord-
ing to the second embodiment is a circuit that controls to
drive the switching elements S1a, S1b, S2a, and S2b in
the power supply device for electric discharge machining
described in the first embodiment (Fig. 1). In the second
embodiment, as a relation of characteristics between the
switching elements S1a and S1b and the switching ele-
ments S2a and S2b, a speed difference may be large as
in the first embodiment. However, the second embodi-
ment can be applied even when the speed difference is
small.
�[0094] As components, as shown in Fig. 10, the power
supply control circuit has all the components described
in the first embodiment (Fig. 6). The second embodiment
is different from the first embodiment in that an input pulse
signal of the drive circuits 6a and 6b is changed to the
start instruction pulse signal PK outputted by the dis-
charge detecting circuit 3. Note that, for convenience of
explanation, a drive pulse signal, which is given from the
drive circuits 6a and 6b to the switching elements S2a
and S2b, is denoted by the same reference numeral PD2
as in the first embodiment (Fig. 6).
�[0095] Next, operations of the power supply device for
electric discharge machining according to the second
embodiment will be explained with reference to Figs. 10
to 12. Note that Fig. 11 is a diagram explaining a principle
of operation of the power supply device for electric dis-

charge machining by the power supply control circuit
shown in Fig. 10. Fig. 12 is a diagram showing operation
waveforms of respective portions of the power supply
device for electric discharge machining that is actuated
by the power supply control circuit shown in Fig. 10.
�[0096] In Figs. 10 and 11, a certain inter-�electrode volt-
age VWE is applied to the inter-�electrode portion from
another power supply device, which is not shown in the
figures, to bring the inter-�electrode portion into a state in
which discharge can be performed. Consequently, ca-
pacitor discharge due to the stray capacitance C1 in the
circuit occurs, and the discharge start current IWE0 ap-
pears in the inter-�electrode portion. The inter-�electrode
voltage VWE drops rapidly and stabilizes at a lowest dis-
charge voltage Va after the time tk has elapsed from the
discharge start time t0 ((1) in Fig. 11).
�[0097] When the discharge detecting circuit 3 detects
the inter- �electrode voltage VWE dropping to be lower
than the reference voltage 21 with the comparator 21 and
detects occurrence of discharge in the inter-�electrode
portion, the discharge detecting circuit 3 outputs the os-
cillation start instruction pulse signal PK to the oscillation
control circuit 4 and the drive circuits 6a and 6b after the
delay time tk from a point of the detection (discharge start
time t0). The oscillation start instruction pulse PK is out-
putted until the inter-�electrode voltage VWE disappears
((2) in Fig. 11).
�[0098] The oscillation control circuit 4 receives the os-
cillation start instruction pulse signal PK and outputs the
control pulse signal PC of a pulse width set in advance
to the drive circuits 5a, 5b, 6a, and 6b after the delay time
tc according to a machining state in the inter-�electrode
portion ((3) in Fig. 11).
�[0099] Consequently, the drive circuits 5a and 5b out-
put the drive pulse signal PD1 having a predetermined
pulse width to the switching elements S1a and S1b to
drive to turn ON the switching elements S1a and S1b
after a delay time tk+tc+td ((4) in Fig. 11). The switching
elements S 1 a and S 1 b come into an ON operation
state for the fixed period t1 (on) after the delay time ts1
((5) in Fig. 11). Since the current IWE1 flowing in the
switching elements S1a and S1b appears in the inter-
electrode portion through the floating inductances L1 and
L2, the current IWE1 continues rising with a certain incli-
nation in the fixed period t1 (on) and turns to drop simul-
taneously with end of the fixed period t1 (on) ((8) in Fig.
11)
�[0100] On the other hand, the drive circuits 6a and 6b
output the drive pulse signal PD2 having a predetermined
pulse width to the switching elements S2a and S2b to
drive to turn ON the switching elements S2a and S2b
after a delay time tk+td ((6) in Fig. 11). The switching
elements S2a and S2b come into an ON operation state
for the fixed period t2 (on) after the delay time ts2 ((7) in
Fig. 11). Since the current IWE2 flowing in the switching
elements S2a and S2b appears in the inter-�electrode por-
tion through the floating inductances L1 and L2, the cur-
rent IWE2 continues rising with a certain inclination in
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the fixed period t2 (on) and turns to drop simultaneously
with end of the fixed period t2 (on) ((8) in Fig. 11).
�[0101] Pulse widths of the drive pulse signals PD1 and
PD2 are in a relation of PD1>PD2 as in the first embod-
iment ((4) and (6) in Fig. 11). Although the drive pulse
signal PD2 has the same pulse width as the pulse width
of the control pulse signal PC outputted by the oscillation
control circuit 4, end time thereof can be changed and
set from the outside. On the other hand, a fixed value
may be used for the pulse width of the drive pulse signal
PD1 because of a role of the drive pulse signal PD1.
�[0102] In addition, the delay time ts1 of the switching
elements S1a and S1b and the delay time ts2 of the
switching elements S2a and S2b are in a relation of
ts1>ts2 as in the first embodiment ((5) and (7) in Fig. 11).
�[0103] In the second embodiment, since the switching
elements S2a and S2b perform an ON operation at timing
with the delay time tc in the oscillation control circuit 4
removed, the switching elements S2a and S2b come into
the ON operation state earlier than the switching ele-
ments S1a and S1b by at least a time equivalent to the
delay time tc. Therefore, the current IWE2 appears in the
inter-�electrode portion earlier than the current IWE1 by
a time equivalent to the delay time tc.
�[0104] As a result, as shown in (8) in Fig. 11, first, the
current IME2 flowing in the switching elements S2a and
S2b appears as the inter- �electrode current IME after
elapse of the time tr2 (tk+td+ts2=tr2). Thereafter, the cur-
rent IME1 flowing in the switching elements S1a and S1b
appears after elapse of the time tr1 (tk+tc+td+ts1=tr1). It
is seen that the current IME2 corresponds to the dis-
charge maintenance current IWE22 explained in the con-
ventional example, and the current IME1 corresponds to
the large electric discharge machining current IWE11 ex-
plained in the conventional example.
�[0105] Then, by adjusting time positions and sizes of
the period in which the switching elements S1a and Sb1
are in the ON operation state (t1 (on)) and the period in
which the switching elements S2a and S2b are in the ON
operation state (t2 (on)), as shown in (8) in Fig. 11, the
discharge maintenance current IWE2 and the electric dis-
charge machining current IWE1 are generated to have
a large overlapping part.
�[0106] In Fig. 12, operation waveforms in portions re-
lated to the inter- �electrode current IWE explained above
are extracted and shown. The same characteristics as
those in the first embodiment (Fig. 8) are obtained. The
second embodiment is different from the first embodi-
ment in that, since the switching elements S2a and S2b
come into the ON operation state earlier than the switch-
ing elements S1a and S1 b by at least a time equivalent
to the delay time tc, the delay time tr2 in which the dis-
charge maintenance current IWE2 appears in the inter-
electrode portion is shorter than that in the case of the
first embodiment (Fig. 8).
�[0107] Therefore, as in the first embodiment, the inter-
electrode current IWE changes to
IWE=IWE0+IWE2+IWE1, and an overlapping part of the

currents increases significantly compared with the con-
ventional example. The inter-�electrode current IWE can
be adapted not to be cut off, and in addition, machining
energy can be increased with the large overlapping part.
Thus, machining efficiency is improved when the machin-
ing efficiency is compared at an identical discharge fre-
quency.
�[0108] Here, to facilitate understanding, the second
embodiment will be explained using specific values. As
in the conventional example, when the switching ele-
ments include elements of a single characteristic, the de-
lay time tr1 from the discharge start time t0 until the time
when the electric discharge machining current IWE1 ap-
pears in the inter- �electrode portion is usually about 410
nanoseconds, and a pulse width of the discharge start
current IWE0 due to capacitor discharge is about 360
nanoseconds. Therefore, in this case, there is a period
of about 50 nanoseconds in which the inter-�electrode cur-
rent is cut off. In the conventional example, in this period,
the discharge maintenance current (IWE22 in Figs. 2 and
3) flows to prevent the inter- �electrode current from being
cut off.
�[0109] On the other hand, in the second embodiment,
although the delay time tc of the oscillation control circuit
4 is about 100 nanoseconds, since the delay time tr1 is
reduced by this delay time tc, the delay time tr2 until the
discharge maintenance current IWE2 appears in the in-
ter-�electrode portion is calculated as 410ns-�100ns =
310ns. The delay time tr2 of 310 nanoseconds is shorter
than the pulse width of 360 nanoseconds of capacitor
discharge giving the discharge start current IWE0. There-
fore, in a period of a delay time until the electric discharge
machining current IWE1 appears after the generation of
the discharge start current IWE0, since this discharge
maintenance current IWE2 flows, the conductive path of
the inter-�electrode portion is maintained without the inter-
electrode current being cut off. At this point, since tr1-
tr2=410ns-�310ns=100ns, it is sufficient to set the fixed
time t2 (on), at which the switching elements S2a and
S2b are turned ON, such that a pulse width of the dis-
charge maintenance current IWE2 is about 150 nano-
seconds or more.
�[0110] Incidentally, in the second embodiment, an el-
ement of the same electric characteristics as the switch-
ing elements S1a and S1b may be used for the switching
elements S2a and S2b. However, it is more effective to
use elements with different electric characteristics. For
example, when the FET3 in Fig. 1 is used for the switching
elements S1a and S1b and the FET2 in Fig. 1 is used
for the switching elements S2a and S2b, the delay time
ts1 of the switching elements S1a and S1b is 172 nano-
seconds, and the delay time ts2 of the switching elements
S2a and S2b is 85 nanoseconds.
�[0111] In the circuit shown in Fig. 10, as described
above, the switching elements S2a and S2b are turned
ON earlier than the switching elements S1a and S1b by
a time equivalent to the delay time tc. In this case, the
switching elements S2a and S2b can be turned on still
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earlier by a time calculated as ts1-�ts2=172ns-
85ns=87ns. Although the ON time t2 (on) of the switching
elements S2a and S2b is a fixed time set in advance, the
ON time t2 (on) is not required to be set as long as the
ON time t1 (on) of the switching elements S1a and S1b
in which the electric discharge machining current IWE1
is caused to flow.
�[0112] More specifically, although the ON time t1 (on)
of the switching elements S 1 a and S1b is about 1500
nanoseconds at the maximum, the ON time t2 (on) of the
switching elements S2a and S2b only has to be about
150 nanoseconds. In addition, since a peak value of an
output current is proportional to an ON time, a peak value
of the discharge maintenance current IWE2 can be set
markedly lower than a maximum peak value of the elec-
tric discharge machining current IWE1. Thus, a current
capacity of the switching elements S2a and S2b may be
smaller than a current capacity of the switching elements
1a and S1b
�[0113] Therefore, a switching element, which has a
small current capacity but is faster in response like the
FET1 in Fig. 1, can be used for the switching elements
S2a and S2b. Conversely, an element with low-�speed
switching response can be used for the switching ele-
ments S1a and S1b. The response time only has to be
in a range in which the conductive path of the inter-�elec-
trode portion can be maintained by the switching ele-
ments S2a and S2b during the period of the delay time
of discharge start current IWE0 and the electric discharge
machining current IWE1
�[0114] In addition, as shown in Fig. 1, in general, a
gate input capacity tends to be small in a switching ele-
ment having a smaller current capacity even if a rated
voltage is the same. In other words, smaller electric pow-
er is required for driving. Therefore, driving of the switch-
ing elements S2a and S2b may be performed directly
according to the output signal (start instruction pulse sig-
nal) PK of the discharge detecting circuit 3. In this case,
since the drive circuits 6a and 6b are removed, the re-
sponse time can be reduced by a time equivalent to the
delay time td in the drive circuits 6a and 6b.
�[0115] Moreover, if only the switching elements S2a
and S2b are used while the switching elements S1a and
S1b are kept OFF, electric discharge machining can be
performed with a current waveform with a pulse width
shorter than that in the past. When compared at a mini-
mum pulse width shown in Fig. 1, whereas the minimum
pulse width is 472 nanoseconds in the FET2, the mini-
mum pulse width can be reduced to 210 nanoseconds
when only the FET1 is used.
�[0116] As described above, according to the second
embodiment, the same actions and effects as those in
the first embodiment can be obtained, and in addition, a
range of selection of usable switching elements can be
widened.

Third embodiment

�[0117] Fig. 13 is a block diagram of a structure of a
power supply control circuit included in a power supply
device for electric discharge machining that is a third em-
bodiment of the present invention. Note that, in Fig. 10,
components identical with or equivalent to the compo-
nents described in the second embodiment (Fig. 10) are
denoted by the identical reference numerals and signs.
Here, parts related to the third embodiment will be mainly
explained.
�[0118] In short, the power supply control circuit accord-
ing to the third embodiment is a circuit that controls to
drive the switching elements S1a, S1b, S2a, and S2b in
the power supply device for electric discharge machining
described in the first embodiment (Fig. 1). As shown in
Fig. 13, drive circuits 7a and 7b, a numerical control de-
vice 8, and a switching device 9 are added as compo-
nents in addition to the components described in the sec-
ond embodiment (Fig. 10).
�[0119] An input signal of the drive circuits 7a and 7b
is the start instruction pulse signal PK outputted by the
discharge detecting circuit 3 as in the drive circuits 6a
and 6b. An output of the drive circuit 6 (the drive pulse
signal PD2) and an output of the drive circuit 7a (a drive
pulse signal PD3) are inputted to the switching device 9
as a set. In addition, an output of the drive circuit 6b (the
drive pulse signal PD2) and an output of the drive circuit
7ab (the drive pulse signal PD3) are inputted to the
switching device 9 as a set.
�[0120] According to an instruction from the external
numerical control device 8, the switching device 9 oper-
ates to select one of the output of the drive circuit 6a (the
drive pulse signal PD2) and the output of the drive circuit
7a (the drive pulse signal PD3) and give the selected
output to the switching element S2a and select one of
the output of the drive circuit 6b (the drive pulse signal
PD2) and the output of the drive circuit 7ab (the drive
pulse signal PD3) and give the selected output to the
switching element S2b.
�[0121] Here, although times, in which the switching el-
ement S2b is driven to be turned ON, generated by the
drive circuits 6b and 7b are’ fixed times set in advance,
the fixed times are set differently in the drive circuit 6a
and the drive circuit 7a. Therefore, the drive circuit 6a
and the drive circuit 7a are switched by the switching
device 9 for the ON driving for the switching element S2a,
whereby the ON time for the switching element S2a can
be changed.
�[0122] Similarly, times, in which the switching element
S2a is driven to be turned ON, generated by the drive
circuits 6a and 7a are also different from each other. An
ON time for the switching element S2b can be changed
by the switching device 9. Moreover, since the switching
element 9 is adapted to operate according to an instruc-
tion from the external numerical control device 8, ON
times for the switching elements S2a and S2b can be
variably controlled by the numerical control device 8.
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�[0123] In addition, in Fig. 13, two drive circuits are pro-
vided for one switching element. However, three or more
drive circuits with different settings for ON times can be
provided such that ON times for switching elements can
be variable finely.
�[0124] As described above, according to the third em-
bodiment, the same actions and effects as those in the
second embodiment can be obtained, and in addition, a
driving time for a switching element for high-�speed op-
eration can be subjected to variable control arbitrarily.
�[0125] Fig. 14 is a block diagram of a structure of a
power supply control circuit included in a power supply
device for electric discharge machining that is a fourth
embodiment of the present invention. Note that, in Fig.
14, components identical with or equivalent to the com-
ponents described in the second embodiment (Fig. 10)
are denoted by the identical reference numerals and
signs. Here, parts related to the fourth embodiment will
be mainly explained.
�[0126] In short, the power supply control circuit accord-
ing to the fourth embodiment is a circuit that controls to
drive the switching elements S1a, S1b, S2a, and S2b in
the power supply device for electric discharge machining
described in the first embodiment (Fig. 1). The fourth em-
bodiment describes an example (first example) of a struc-
ture of a circulating current drive system that ON/OFF
controls the switching elements S1a and S1b with a low
loss in different ON operation times to form various cur-
rent circulating loops.
�[0127] As components, as shown in Fig. 14, oscillation
control circuits 4a and 4b are provided instead of the
oscillation control circuit 4 in the structure described in
the second embodiment (Fig. 10), and the numerical con-
trol device (NC) 8 and machining current ON time setting
circuits 11a and 11b are added accordingly.
�[0128] An output of the discharge detecting circuit 3
(the start instruction pulse signal PK) is inputted to the
oscillation control circuits 4a and 4b, the drive circuit 6a
of the switching element S2a (i.e., the drive circuit 6a
shown in Fig. 10), and the drive circuit 6b of the switching
element S2b (i.e., the drive circuit 6b shown in Fig. 10).
�[0129] When the start instruction pulse signal PK is
inputted from the discharge detecting circuit 3, the drive
circuit 6a of the switching element S2a (hereinafter sim-
ply referred to as "drive circuit 6a") outputs a gate drive
signal G2a to the switching element S2a in response to
the start instruction pulse signal PK. When the start in-
struction pulse signal PK is inputted from the discharge
detecting circuit 3, the drive circuit 6b of the switching
element S2b (hereinafter simply referred to as "drive cir-
cuit 6b") outputs a gate drive signal G2b to the switching
element S2b in response to the start instruction pulse
signal PK.
�[0130] The machining current ON time setting circuit
11 a sets a machining current ON time according to an
instruction of the numerical control device (NC) 8 and
gives the set value to the oscillation control circuit 4a.
When the start instruction pulse signal PK is inputted

from the discharge detecting circuit 3, the oscillation con-
trol circuit 4a generates a control pulse signal P1, which
has the machining current ON time designated by the
machining current ON time setting circuit 11a as a pulse
width, in response to the start instruction pulse signal PK
and gives the control pulse signal P1 to the drive circuit
5a of the switching element S1a (i.e., the drive circuit 5a
shown in Fig. 10). The drive circuit 5a of the switching
element S1a (hereinafter simply referred to as "drive cir-
cuit 5a") outputs a gate drive signal G1a to the switching
element S1a.
�[0131] The machining current ON time setting circuit
11 b sets a machining current ON time of a value different
from the machining current ON time set by the machining
current ON time setting circuit 11a according to an in-
struction of the numerical control device (NC) 8 and gives
the set value to the oscillation control circuit 4b. When
the start instruction pulse signal PK is inputted from the
discharge detecting circuit 3, the oscillation control circuit
4b generates a control pulse signal P2, which has the
machining current ON time designated by the machining
current ON time setting circuit 11 b as a pulse width, in
response to the start instruction pulse signal PK and gives
the control pulse signal P2 to the drive circuit 5b of the
switching element S1b (i.e., the drive circuit 5b shown in
Fig. 10). The drive circuit 5b of the switching element S1b
(hereinafter simply referred to as "drive circuit 5b") out-
puts a gate drive signal G1b to the switching element S1b.
�[0132] Here, pulse widths of the control pulse signals
P1 and P2 are in a relation of P1<P2, but a case of P1<P2
and a case of P1>P2 interchanges during an operation.
�[0133] Next, operations of the power supply device for
electric discharge machining according to the fourth em-
bodiment will be explained with reference to Figs. 14 to
16. Note that Fig. 15 is a diagram explaining a principle
of operation of the power supply device for electric dis-
charge machining by the power supply control circuit
shown in Fig. 14. Fig. 16 is a diagram explaining a relation
between a gate drive signal outputted by the power con-
trol circuit shown in Fig. 14 and an inter-�electrode current
in the power supply device for electric discharge machin-
ing.
�[0134] In Figs. 14 and 15, when the inter-�electrode por-
tion comes into a state in which discharge can be per-
formed, the control pulse signal P1, which has the ma-
chining current ON time set by the machining current ON
time setting circuit 11 a as a pulse width, is outputted
from the oscillation control circuit 4a to the drive circuit
5a. The drive circuit 5a drives to turn on the switching
element S1a by a degree equivalent to the pulse width
of the inputted control pulse signal P1. On the other hand,
at the same time, the control pulse signal P2, which has
the machining current ON time set by the machining cur-
rent ON time setting circuit 11b as a pulse width, is out-
putted from the oscillation control circuit 4b to the drive
circuit 5b.
�[0135] In this case, the pulse width of the control pulse
signal P2 is set longer than the control pulse signal P1
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by a very short time ∆t. In other words, P2=P1+∆t. Since
the drive circuit 5b drives to turn on the switching element
S1b by a degree equivalent to the pulse width of the in-
putted control pulse signal P2, the switching element S1b
is in the ON operation state longer than the switching
element S1a by the very short time ∆t. However, since
rising timing of the control pulse signals P1 and P2 is
simultaneous, the switching elements S1a and S1b driv-
en by outputs of the drive circuits 5a and 5b perform ON
operations simultaneously.
�[0136] The switching elements S1a and S1b perform
ON operations simultaneously, whereby the electric dis-
charge machining current IWE flows to the inter-�elec-
trode portion through a path of a loop 1 shown in Fig. 15.
At this point, the electric discharge machining current
IWE is proportional to elapse of time, and when VG is
assumed as a gate potential of a switching element, rises
with an inclination of (V1- �VG) �/ �(L1+L2). In that process,
the control pulse signal P2 maintains a high level, and
only the control pulse signal P1 changes to a low level.
Since the control pulse signal P1 changes to the low level,
the drive circuit 5a brings the switching element S1a into
an OFF state. On the other hand, since the pulse signal
P2 maintains the high level, the drive circuit 5b maintains
the ON operation state of the switching element S1b.
�[0137] Since the switching element S1a is turned OFF,
supply from the DC power supply V1 is cut off and the
electric discharge machining current IWE, which has
been continuing to rise, turns to drop. However, accord-
ing to an inductive action of the floating inductances L1
and L2 in the circuit, the electric discharge machining
current IWE is about to continue to flow with an inclination
of -VG/ �(L1+L2) through a path of a loop 2A shown in Fig.
15. In this process, since the control pulse signal P2
changes to a low level, the drive circuit 5b brings the
switching element S1b into an OFF state.
�[0138] Here, if the control pulse signal P2 is at the low
level before inductive energy of the floating inductances
L1 and L2 in the circuit disappears, the remaining electric
discharge machining current IWE, which is dropping with
the inclination of -VG/ �(L1+L2), flows through a path of a
loop 3 shown in Fig. 15, steeply returns to the DC power
supply V1 with an inclination of-(V1+VG) �/ �(L1+L2), and is
regenerated. As a result, the electric discharge machin-
ing current IWE has a trapezoidal wave as shown in Fig.
15. The above is an operation at P2=P1+∆t (an operation
of a pattern 1).
�[0139] In such a trapezoidal waveform, a steady loss
in the switching element S1b increases by an amount
equivalent to the extension of the pulse width by the very
short time ∆t. However, since the switching elements S2a
and S2b perform a high-�speed operation as in the second
embodiment, an element such as an IGBT can be used
for the switching elements S1a and S1b. Therefore, a
loss can be minimized. In general, the IGBT does not
have an ON resistance that is structurally present in a
MOS-�FET or the like, a loss in a steady state (ON state)
is small, and an increase in loss due to the extension of

the pulse width can be controlled effectively. In addition,
since the switching elements S2a and S2b are already
in the OFF state during the extended period of the very
short time ∆t, an increase in loss due to the extension of
the very short time ∆t does not occur even if a high- �speed
response MOS- �FET is used.
�[0140] In addition, although a relation between the con-
trol pulse signals P1 and P2 is P2=P1+∆t in the above
explanation of the operation, the control pulse signals P1
and P2 may be interchanged during an operation to per-
form oscillation control alternately such that the relation
is changed to P1=P2+∆t. In this case, ON/OFF opera-
tions of the switching elements S2a and S2b during the
period of the very short time ∆t in the above explanation
of the operation are reversed, and a path indicated by a
loop 2A shown in Fig. 15 only changes to a path of a loop
2B. The trapezoidal wave shown in Fig. 15 is obtained
in the same manner. The above is an operation at
P1=P2+∆t (an operation of a pattern 2).
�[0141] In Fig. 16, (1) indicates a gate drive signal G1.
(2) indicates a gate drive signal G2. (3) indicates the inter-
electrode current IWE. In the figure, a relation between
the gate drive signals G1 and G2 on the left side is
P2=P1+∆t (pattern 1). A relation between the gate drive
signals G1 and G2 on the right side is P1=P2+∆t (pattern
2). The inter- �electrode signal IWE is a trapezoidal wave
of a similar waveform in both the cases.
�[0142] When a path of a circulating current loop is fixed
with such a trapezoidal waveform, in the switching ele-
ments S1a and S1b, since a difference occurs in a ratio
of a switching loss and a steady loss, a balance of loss
is broken. However, since the oscillation control circuit
and the machining current ON time setting circuit are
provided individually in each of the switching elements
S1a and S1b, circulating current loops can be switched
alternately, and a loss due to a load current of the switch-
ing elements can be distributed in good balance without
being concentrated.
�[0143] According to the fourth embodiment, since the
circulating current drive system is adopted, input energy
per one pulse of intermittent discharge can be increased,
and electric discharge machining using a thick wire elec-
trode requiring a large current becomes possible.
�[0144] Fig. 17 is a block diagram of a structure of a
power supply control circuit included in a power supply
device for electric discharge machining that is a fifth em-
bodiment of the present invention. Note that, in Fig. 17,
components identical with or equivalent to the compo-
nents described in the fourth embodiment (Fig. 14) are
denoted by the identical reference numerals and signs.
Here, parts related to the fifth embodiment will be mainly
explained.
�[0145] In short, the power supply control circuit accord-
ing to the fifth embodiment is a circuit that controls to
drive the switching elements S1a, S1b, S2a, and S2b in
the power supply device for electric discharge machining
described in the first embodiment (Fig. 1). The fifth em-
bodiment describes an example (second example) of a
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structure of a circulating current drive system that
ON/OFF controls the switching elements S1a and S1b
with a low loss in different ON operation times to form
various current circulating loops.
�[0146] As components, as shown in Fig. 17, the oscil-
lation controls circuit 4b and the machining current ON
time setting circuit 11 b are not provided in the structure
described in the fourth embodiment (Fig. 14), and a pulse
width extending circuit 13 and a switching circuit 14 are
provided instead.
�[0147] An output of the numerical control device (NC)
8 is given to the oscillation control circuit 4a and the ma-
chining current ON time setting circuit 11a and, in addi-
tion, given to the pulse width extending circuit 13 and the
switching circuit 14. An output of the oscillation control
circuit 4a (the control pulse signal P1) is given to the
pulse width extending circuit 13 and the switching circuit
14. The pulse width extending circuit 13 generates the
control pulse signal P2, which is obtained by extending
a pulse with of the inputted control pulse signal P1 ac-
cording to an instruction from the numerical control de-
vice (NC) 8, and outputs the control pulse signal P2 to
the switching circuit 14. The switching circuit 14 is adapt-
ed to switch output destinations (the switching
elementsS1a and S1b) of the inputted control pulse sig-
nals P1 and P2 according to an instruction from the nu-
merical control device (NC) 8.
�[0148] In other words, although pulse widths of the
generated control pulse signals P1 and P2 are in a rela-
tion of P1<P2, substantially the same operation as the
fourth embodiment can be performed by an action of the
switching device 14.
�[0149] Next, operations of the power supply device for
electric discharge machining will be explained with ref-
erence to Fig. 17. In Fig. 17, when the inter-�electrode
portion comes into a state in which discharge can be
started, the control pulse signal P1, which has a machin-
ing current ON time set by the machining current ON time
setting circuit 11 a as a pulse width, is outputted from the
oscillation control circuit 4a to the pulse width extending
circuit 13 and the switching circuit 14.
�[0150] The extending circuit 13 outputs the control
pulse signal P2, which is obtained by extending a pulse
width of the control pulse signal P1 outputted from the
oscillation control circuit 4a according to an instruction
value from the numerical control device 8, to the switching
circuit 14. The switching circuit 14 switches output des-
tinations of the respective inputted control pulse signals
P1 and P2 to one of the drive circuits 5a and 5b and
outputs the control pulse signals P1 and P2. For example,
it is assumed that the switching circuit 14 outputs the
control pulse signal P1 to the drive circuit 5a and outputs
the control pulse signal P2 to the drive circuit 5b.
�[0151] The drive circuit 5a drives to turn ON the switch-
ing element S1a by a degree equivalent to the pulse width
of the inputted control pulse signal P1. On the other hand,
at the same time, the drive circuit 5b drives to turn ON
the switching element S1b by a degree equivalent to the

pulse width of the inputted control pulse signal P2. At this
point, when it is assumed that an extension time of the
control pulse signal P1 extended by the extending circuit
13 is ∆t, a relation between the control pulse signal P1
and the control pulse signal P2 is P2=P1+∆t as explained
in the fourth embodiment.
�[0152] In this case, the switching element S1b is in an
ON operation state longer than the switching element
S1a by the extension time ∆t. However, by reversing the
relation between the control pulse signals P1 and P2,
which are outputted by the drive circuits 5a and 5b, with
the switching circuit 14, it is also possible to keep the
switching element S1a in the ON operation state longer
than the switching element S1b by the extension time ∆t.
Note that, as explained in the fourth embodiment, it is
needless to mention that this extension time ∆t can be
variably controlled arbitrarily according to an instruction
of the numerical control device 8.
�[0153] As described above, according to the fifth em-
bodiment, since the pulse width extending circuit 13 is
provided, the machining current ON time setting circuit
11b and the oscillation control circuit 4b described in the
fourth embodiment (Fig. 14) can be removed, and the
same actions and effects as those in the fourth embod-
iment can be obtained with a simple structure.
�[0154] Fig. 18 is a block diagram of a structure of a
power supply control circuit included in a power supply
device for electric discharge machining that is a sixth
embodiment of the present invention. Note that, in Fig.
18, components identical with or equivalent to the com-
ponents described in the fourth embodiment (Fig. 14) are
denoted by the identical reference numerals and signs.
Here, parts related to the sixth embodiment will be mainly
explained.
�[0155] In short, the power supply control circuit accord-
ing to the sixth embodiment is a circuit that controls to
drive the switching elements S1a, S1b, S2a, and S2b in
the power supply device for electric discharge machining
described in the first embodiment (Fig. 1). The sixth em-
bodiment describes an example (third example) of a
structure of a circulating current drive system that
ON/OFF controls the switching elements S1a and S1b
with a low loss in different ON operation times to form
various current circulating loops.
�[0156] As components, as shown in Fig. 18, machining
current ON time setting circuits 12a and 12b are added
in the structure described in the fourth embodiment (Fig.
14). An output of the numerical control device (NC) 8 is
given to the oscillation control circuits 4a and 4b and the
machining current ON time setting circuits 11a and 11b
and, in addition, given to the machining current ON time
setting circuits 12a and 12b.
�[0157] The machining current ON time setting circuit
12a sets a machining current ON time according to an
instruction of the numerical control device (NC) 8 and
outputs the set value to the drive circuit 6a. When the
start instruction pulse signal PK is inputted from the dis-
charge detecting circuit 3, the drive circuit 6a generates
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a gate drive signal G2a, which has a machining current
ON time designated by the machining current ON time
setting circuit 12a as a pulse width, in response to the
start instruction pulse signal PK and drives to turn ON
the switching element S2a.
�[0158] The machining current ON time setting circuit
12b sets a machining current ON time of a value different
from a machining current ON time for the machining cur-
rent ON time setting circuit 12a according to an instruction
of the numerical control device (NC) 8 and outputs the
set value to the drive circuit 6b. When the start instruction
pulse signal PK is inputted from the discharge detecting
circuit 3, the drive circuit 6b generates a gate drive signal
G2b, which has a machining current ON time designated
by the machining current ON time setting circuit 12b as
a pulse width, in response to the start instruction pulse
signal PK and drives to turn ON the switching element
S2b.
�[0159] According to this structure, since the machining
current ON time setting circuits 12a and 12b are provided
individually in the drive circuits 6a and 6b for the switching
elements S2a and S2b, respectively, in addition to the
circulating current drive on the low-�loss side explained
in the fourth embodiment, circulating current drive on a
high-�speed operation side is possible. In other words,
when only the switching elements S2a and S2b are used
while the switching elements S1a and S1b are kept in
the OFF operation state, ON times of the switching ele-
ments S2a and S2b can be changed to realize a load
balance of the elements. As a result, even when only
switching elements on the high-�speed operation side are
used, it is possible to adjust output current energy to
some extent. Machining current energy can be adjusted
appropriately even at the time when a thin wire of φ0.2
millimeters or less with a small discharge current allow-
ance is used and at the time of finishing when a large
current cannot be inputted.
�[0160] Note that a delay never occurs in a drive re-
sponse operation due to ON time setting for the drive
circuits 6a and 6b by the machining current ON time set-
ting circuits 12a and 12b. Although an example of appli-
cation to the fourth embodiment is described in the sixth
embodiment, it is needless to mention that the sixth em-
bodiment can be applied to the fifth embodiment in the
same manner.
�[0161] Fig. 19 is a block diagram of a structure of a
power supply control circuit included in a power supply
device for electric discharge machining that is a seventh
embodiment of the present invention. Note that, in Fig.
19, components identical with or equivalent to the com-
ponents described in the fourth embodiment (Fig. 14) are
denoted by the identical reference numerals and signs.
Here, parts related to the sixth embodiment will be mainly
explained.
�[0162] In short, the power supply control circuit accord-
ing to the seventh embodiment is a circuit that controls
to drive the switching elements S1a, S1b, S2a, and S2b
in the power supply device for electric discharge machin-

ing described in the first embodiment (Fig. 1). The sev-
enth embodiment describes an example (first example)
of a structure at the time when a current pulse to be sup-
plied to an inter- �electrode portion is switched to a current
pulse with a large current peak and a current pulse with
a small current peak according to a discharge state at
discharge start time.
�[0163] As shown in Fig. 19, a connection relation is
different from the connection relation shown in Fig. 14.
As components, a discharge state judging circuit 15 and
a current pulse selecting circuit 16 are added in the struc-
ture described in the fourth embodiment (Fig. 14)
�[0164] In Fig. 19, an output of the discharge detecting
circuit 3 is given to the oscillation control circuits 4a and
4b and is also given to the discharge state judging circuit
15. An output of the discharge state judging circuit 15 is
given to the current pulse selecting circuit 16, and an
output of the current pulse selecting circuit 16 is given to
the oscillation control circuits 4a and 4b. A connection
relation among the oscillation control circuit 4a and 4b,
the numerical control device 8, and the machining current
ON time setting circuits 11a and 11b is the same as that
in the structure shown in Fig. 14. However, an output of
the oscillation control circuit 4b (the control pulse signal
P2) is given to the drive circuits 5a and 5b, and an output
of the oscillation control circuit 4a (the control pulse signal
P1) is given to the drive circuits 6a and 6b. As explained
in the fourth embodiment (Fig. 14), the oscillation control
circuit 4b generates a control pulse signal BP with a large
pulse width, and the oscillation control circuit 4a gener-
ates a control pulse signal SP with a small pulse width.
�[0165] The discharge state judging circuit 15 process-
es information of preliminary discharge detected by the
discharge detecting circuit 3 to thereby judge whether a
discharge state of the inter-�electrode portion is a normal
discharge state in which a large current is applied or an
immediate discharge state or a short circuit state in which
a repetition frequency is high. The current pulse selecting
circuit 16 receives a result of the judgment of the dis-
charge state judging circuit 15 and selects which of the
oscillation control circuits 4a and 4b an oscillation instruc-
tion is outputted to. More specifically, the current pulse
selecting circuit 16 is adapted to output an oscillation
instruction to the oscillation control circuit 4b when the
result of the judgment of the discharge state judging cir-
cuit 15 indicates the normal discharge state and outputs
an oscillation instruction to the oscillation control circuit
4a when the result of the judgment indicates the imme-
diate discharge state or the short circuit state.
�[0166] Next, operations of the power supply device for
electric discharge machining according to the seventh
embodiment will be explained with reference to Figs. 19
and 20. Note that Fig. 20 is a diagram explaining a prin-
ciple of operation of the power supply device for electric
discharge machining by the power supply control circuit
shown in Fig. 19. Here, in Fig. 20, reference sign td de-
notes a no- �load time. (1) indicates an example of a volt-
age waveform with which the discharge state judging cir-
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cuit 15 judges the respective states of the normal dis-
charge state, the immediate discharge state, and the
short circuit state. Here, an example in which the dis-
charge state judging circuit 15 judges the states accord-
ing to a length of the no-�load time td is described. (2)
indicates timing for generating the control pulse signal
SP for driving the switching elements S2a and S2b. (3)
indicates timing for generating the control pulse signal
BP for driving the switching elements S1a and S1b. (4)
indicates a waveform of a current pulse that is supplied
to the inter- �electrode portion.
�[0167] First, in the machining current ON time setting
circuit 11 a and 11b, pulse widths of the control pulse
signals SP and BP are set in advance as one parameter
of machining conditions for wire electric discharge ma-
chining through the numerical control device 8, respec-
tively. As described above, the pulse widths of the control
pulse signals SP and BP are set in a relation of BP>SP.
This is decided from the viewpoint of machining speed
and prevention of wire breakage.
�[0168] When an interval of preliminary discharge de-
tected by the discharge detecting circuit 3 is wide and
the no-�load time td is longer than about 1 microsecond
to 2 microseconds, the discharge state judging circuit 15
judges that normal discharge has occurred. On the other
hand, when an interval of preliminary discharge detected
by the discharge detecting circuit 3 is narrow and the no-
load time is shorter than 1 microsecond to 2 microsec-
onds, the discharge state judging circuit 15 judges that
short circuit or immediate discharge has occurred.
�[0169] When a result of the judgment of the discharge
state judging circuit 15 indicates the immediate discharge
state or the short circuit state, the current pulse selecting
circuit 16 outputs an oscillation instruction to the oscilla-
tion control circuit 4a. As a result, gate drive signals G2a
and G2b for driving the switching elements S2a and S2b
for a high-�speed operation are generated by the control
pulse signal SP with a small pulse width, the switching
elements S2a and S2b perform an ON operation in the
pulse width of the control pulse signal SP, and a current
pulse with a small current peak is supplied to the inter-
electrode portion in the immediate discharge state or the
short circuit state as shown in (4) in Fig. 20.
�[0170] In addition, when a result of the judgment of the
discharge state judging circuit 15 indicates the normal
discharge state, the current pulse selecting circuit 16 out-
puts an oscillation instruction to the oscillation control
circuit 4b. As a result, gate drive signals G1a and G1 b
for driving the switching elements S1a and S1b for a low-
loss operation are generated by the control pulse signal
BP with a large pulse width, the switching elements S1a
and S1b perform an ON operation in the pulse width of
the control pulse signal BP, and a current pulse with a
large current peak is supplied to the inter-�electrode por-
tion in the normal discharge state as shown in (4) in Fig.
20.
�[0171] In this way, when normal discharge occurs, a
large current peak is supplied to the inter-�electrode por-

tion by the control pulse signal BP with a large pulse
width, and when short circuit or immediate discharge oc-
curs, a small current peak is supplied to the inter-�elec-
trode portion by the control pulse signal SP with a small
pulse width. At this point, when the large current peak is
supplied, the switching elements S1a and S1b excellent
in a low- �loss characteristic are selected, and when the
small current peak is supplied, the switching elements
S2a and S2b excellent in a high-�speed operation char-
acteristic are selected.
�[0172] As described above, in the wire electric dis-
charge machining, since a ratio of generation of normal
discharge is about 1/3 to 1/2 in a state in which a dis-
charge frequency is high, even if the discharge frequency
is 100 kilohertz, an occurrence frequency of normal dis-
charge requiring a large current peak is equal to or lower
than 50 kilohertz. Thus, in the seventh embodiment,
when a current pulse to be supplied is switched according
to a discharge state at discharge start time of the inter-
electrode portion, at the time of occurrence of normal
discharge unsuitable for a high- �frequency operation, a
large current peak can be supplied using the switching
elements S1a and S1b that are low loss. On the other
hand, in a state like short circuit or immediate discharge
in which a no- �load time is extremely short and a discharge
cycle is high but a large current peak cannot be applied
in terms of a discharge phenomenon, a small current
peak can be supplied using the switching elements S2a
and S2b that are excellent in a high-�speed operation and
capable of coping with a high-�frequency operation.
�[0173] Therefore, it is possible to realize high-�speed
machining attaining both a large current and a high-
speed operation. In addition, since switching circuits with
different characteristics are used in combination, the
number of switching elements can be reduced, and a
heat value can be reduced. Moreover, since a repetition
frequency of switching circuits on the low-�loss side can
be controlled to 1/2 to 1/3, it is possible to use a large-
current and low-�loss element (IGBT, etc.).
�[0174] Fig. 21 is a block diagram of a structure of a
power supply control circuit included in a power supply
device for electric discharge machining that is an eighth
embodiment of the present invention. Note that, in Fig.
21, components identical with or equivalent to the com-
ponents described in the seventh embodiment (Fig. 19)
are denoted by the identical reference numerals and
signs. Here, parts related to the seventh embodiment will
be mainly explained.
�[0175] In short, the power supply control circuit accord-
ing to the eighth embodiment is a circuit that controls to
drive the switching elements S1a, S1b, S2a, and S2b in
the power supply device for electric discharge machining
described in the first embodiment (Fig. 1). The eighth
embodiment describes an example (second example) of
a structure at the time when a current pulse to be supplied
to an inter- �electrode portion is switched to a current pulse
with a large current peak and a current pulse with a small
current peak according to a discharge state (normal dis-
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charge, immediate discharge, or short circuit) at dis-
charge start time.
�[0176] As shown in Fig. 21, in the structure described
in the seventh embodiment (Fig. 19), a current pulse stop
circuit 17 is provided instead of the current pulse selecting
circuit 16. However, an output of the current pulse stop
circuit 17 is given to only the oscillation control circuit 4b.
When a result of judgment of the discharge state judging
circuit 15 indicates the immediate discharge state or the
short circuit state, the current pulse stop circuit 17 outputs
an oscillation stop instruction to the oscillation control
circuit 4b. When a result of judgment of the discharge
state judging circuit 15 indicates normal discharge, the
current pulse stop circuit 17 performs nothing.
�[0177] Next, operations of the power supply device for
electric discharge machining according to the eighth em-
bodiment will be explained with reference to Fig. 22. Note
that Fig. 22 is a diagram explaining a principle of opera-
tion of the power supply device for electric discharge ma-
chining by the power supply circuit shown in Fig. 21. Con-
tents of respective items in Fig. 22 are as explained in
Fig. 20.
�[0178] When an interval of preliminary discharge de-
tected by the discharge detecting circuit 3 is wide and
the no-�load time td is longer than about 1 microsecond
to 2 microseconds, the discharge state judging circuit 15
judges that normal discharge has occurred. On the other
hand, when an interval of preliminary discharge detected
by the discharge detecting circuit 3 is narrow and the no-
load time is shorter than 1 microsecond to 2 microsec-
onds, the discharge state judging circuit 15 judges that
short circuit or immediate discharge has occurred.
�[0179] When a result of the judgment of the discharge
state judging circuit 15 indicates the immediate discharge
state or the short circuit state, the current pulse stop cir-
cuit 17 outputs an oscillation stop instruction to the os-
cillation control circuit 4b. Therefore, when a state of the
preliminary discharge detected by the discharge detect-
ing circuit 3 is normal discharge, the oscillation control
circuits 4a and 4b operates sequentially as explained in
the fourth embodiment (Fig. 14). Thus, the switching el-
ements S1a and S1b of a low loss and the switching
elements S2a and S2b excellent in a high-�speed opera-
tion are sequentially driven.
�[0180] On the other hand, when a state of the prelim-
inary discharge detected by the discharge detecting cir-
cuit 3 is the immediate discharge state or the short circuit
state, only the oscillation control circuit 4a operates, and
only the switching elements S2a and S2b excellent in a
high- �speed operation are driven.
�[0181] As a result, as shown in Fig. 22, when normal
discharge occurs in the inter- �electrode portion, a large
current peak according to the control pulse signal BP and
a small current peak according to the control pulse signal
SP are supplied. On the other hand, when short circuit
or immediate discharge occurs in the inter-�electrode por-
tion, a small current peak according to the control pulse
signal SP is supplied.

�[0182] As described above, in the eighth embodiment,
when an electric pulse to be supplied is switched accord-
ing to a discharge state at discharge start time in the
inter-�electrode portion, supply of a large current peak us-
ing the switching elements S1a and S1b that are low loss
and supply of small current peak using the switching el-
ements S2a and S2b excellent in a high-�speed response
are sequentially selected when normal discharge unsuit-
able for a high-�frequency operation occurs. On the other
hand, in a state like short circuit or immediate discharge
in which a no- �load time is extremely short and a discharge
cycle is high but a large current peak cannot be applied
in terms of a discharge phenomenon, operations of the
low-�loss switching elements S1a and S1b are stopped,
such that a small current peak can be supplied using only
the switching elements S2a and S2b that are excellent
in a high- �speed operation and capable of coping with a
high- �frequency operation.
�[0183] Therefore, high-�speed machining attaining
both a large current operation and a high-�speed opera-
tion is realized, and in addition, it is possible to perform
stable high-�speed machining without arc cut-�off. Further,
the same actions and effects as those in the seventh
embodiment are obtained.

Industrial Applicability

�[0184] The present invention is preferably used as a
power supply device for electric discharge machining for
a wire electric discharge machine that performs wire elec-
tric discharge machining at a large current and high
speed.

Claims

1. A power supply device for electric discharge machin-
ing comprising:�

a switching circuit (5a, S1a; 5b, S1b; 6a, S2a;
6b, S2b) for supplying a discharge pulse current
(PS) to an inter- �electrode portion (105) between
an electrode (E) and a workpiece (W) serving
as another electrode arranged to be opposed to
the electrode (E) at a predetermined interval;
a discharge detecting circuit (3) for detecting the
occurrence of a discharge in the inter- �electrode
portion and generating a detection signal in re-
sponse to the discharge start; and
a pulse width control unit (4) for generating a
control pulse signal (PC) of a predetermined
pulse width in response to said detection signal

characterized in that
the switching circuit includes
a first switching circuit (6a, S2a; 6b, S2b) including
a switching element (S2a, S2b) adapted for high-
speed operation and
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a first drive circuit (6a, 6b) for generating a first drive
pulse signal (PD2) in response to the control pulse
signal (PC) to drive the first switching circuit to per-
form a switching operation of a discharge mainte-
nance current (IWE2); and
a second switching circuit (5a, S1a; 5b, S1b) includ-
ing a switching element (S1a, S1b) adapted for low-
speed operation and adapted to perform a switching
operation of a discharge machining current (IWE1)
with a period overlapping the period of the discharge
maintenance current (IWE2) and starting after the
first switching circuit operation; and
a second drive circuit (5a, 5b) for generating a sec-
ond drive pulse signal (PD 1) in response to the con-
trol pulse signal (PC) and having a pulse width larger
than the pulse width of the first drive pulse signal
(PD2) and outputting said second drive pulse signal
to the second switching circuit, and
whereby the first switching circuit performs switching
faster than the second switching circuit and the con-
trol pulse signal (PC) is inputted in parallel to the first
drive circuit and the second drive circuit.

2. The power supply device for electric discharge ma-
chining according to claim 1, wherein the switching
circuit includes
the first switching circuit (6a, S2a; 6b, S2b) including
any one of switching elements (S2a, S2b) suitable
for the high-�speed operation and adapted to perform
a switching operation according to a first drive pulse
signal (PD2) generated in response to the detection
signal for starting the discharge and a switching el-
ement suitable for the low- �speed operation; and
the second switching circuit (5a, S1a; 5b, S1b) in-
cluding the switching element (S1a, S1b) suitable
for the low-�speed operation (S1a, S1b) and adapted
to perform a switching operation overlapped with an
operation time of the first switching circuit according
to the second drive pulse signal (PD1) generated in
response to the control pulse signal (PC).

3. The power supply device for electric discharge ma-
chining according to claim 2, wherein the pulse-�width
control unit (4) includes
a first setting unit for generating the control pulse
signal (PC) that is set to a first pulse width giving a
period in which one of the two switching elements
(S2a, S2b; S1a, S1b) of one of the switching circuits
(6a, S2a; 6b, S2b; 5a, S1a; 5b, S1b) comes into a
conductive state, and gives the control pulse signal
(PC) to a drive unit (6a, 6b, 5a, 5b) of the one of the
two switching elements (S2a, S2b, S1a, S1b); and
a second setting unit for generating the control pulse
signal (PC) that is set to a second pulse width giving
a period in which the other of the two switching ele-
ments (S2a, S2b; S1a, S1b) comes into a conductive
state, and gives the control pulse signal to a drive
unit (6a, 6b, 5a, 5b) of the other of the two switching

elements.

4. The power supply device for electric discharge ma-
chining according to claim 2, wherein the pulse-�width
control unit includes
a setting unit for generating the control pulse signal
that is set to a first pulse width; �
an extension unit for extending the first pulse width
to produce a second pulse width, and outputing the
control pulse signal of the second pulse width; and
a switching unit for switching the control pulse signal
having the first pulse width and the control pulse sig-
nal having the second pulse width, and outputting
the control signal to a drive unit, which drives the two
switching elements (S2a, S2b; S1a, S1b) according
to an instruction from outside as a control pulse sig-
nal having a pulse width that brings the respective
switching elements into a conductive state.

5. The power supply device for electric discharge ma-
chining according to claim 1, wherein
the switching circuit includes
the first switching circuit (6a, S2a; 6b, S2b) including
the switching element (S2a, S2b) suitable for the
high-�speed operation that is adapted to perform a
switching operation according to a drive pulse signal
generated in response to the detection signal for
starting the discharge; and
the second switching circuit (5a, S1a; 5b, S1b) in-
cluding the switching element (S1a, S1b) suitable
for the low-�speed operation that are controlled to per-
form a switching operation overlapped with an oper-
ation time of the first switching circuit after the switch-
ing operation of the first switching circuit started, and
the pulse width control unit (4) is adapted to control
the pulse width of the control pulse signal to be dif-
ferent from each other between the two switching
elements in the second switching circuit.

6. The power supply device for electric discharge ma-
chining according to claim 2, wherein
the pulse-�width control unit (4) includes
a first setting unit for generating the control pulse
signal that is set to a first pulse width;�
an extension unit for extending the first pulse width
to produce a second pulse width, and outputing the
control pulse signal of the second pulse width; �
a switching unit for switching the control pulse signal
having the first pulse width and the control pulse sig-
nal having the second pulse width, and outputing the
control signal to a drive unit (5a, 5b, 6a, 6b), which
drives the two switching elements (S2a, S2b; S1a,
S1b) according to an instruction from outside as a
control pulse signal having a pulse width that brings
the respective switching elements into a conductive
state; and
a second setting unit for setting a pulse width giving
a period in which the respective two switching ele-
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ments (S2a, S2b) in the first switching circuit are
brought into a conductive state, and
drive units (6a, 6b, 5a, 5b) for driving the respective
two switching elements in the first switching circuit
receive the detection signal for starting the dis-
charge, and generate a drive pulse signal having the
pulse width set by the second setting unit to drive
the respective switching elements.

Patentansprüche

1. Ein Energieversorgungsgerät für elektrische Entla-
dungsbearbeitung, umfassend:�

eine Umschaltschaltung (5a, S1a; 5b, S1b; 6a,
S2a; 6b, S2b) zum Zuführen eines Entladungs-
pulsstroms (PS) an ein Inter-�Elektrodenteil
(105) zwischen einer Elektrode (E) und einem
Werkstück (W), das als eine andere Elektrode
dient, angeordnet, um entgegengesetzt zu der
Elektrode (E) um ein vorbestimmtes Intervall zu
sein;
eine Entladungsdetektierschaltung (3) zum De-
tektieren des Auftretens einer Entladung in dem
Inter-�Elektrodenteil und Erzeugen eines Detek-
tionssignals in Ansprechen auf den Entladungs-
start; und
eine Pulsbreitensteuereinheit (4) zum Erzeugen
eines Steuerpulssignals (PC) einer vorbestimm-
ten Pulsbreite in Ansprechen auf das Detekti-
onssignal

dadurch gekennzeichnet dass
die Umschaltschaltung enthält eine erste Umschalt-
schaltung (6a, S2a; 6b, S2b), enthaltend ein Um-
schaltelement (S2a, S2b), ausgebildet für einen
Hochgeschwindigkeitsbetrieb und eine erste An-
triebsschaltung und eine erste Antriebsschaltung
(6a, 6b) zum Erzeugen eines ersten Antriebspulssi-
gnals (PD2) in Ansprechen auf das Steuerpulssignal
(PC) zum Antreiben der ersten Umschaltschaltung
zum Ausführen eines Umschaltbetriebs eines Ent-
ladungsaufrechterhaltungsstroms (IWE2); und
eine zweite Umschaltschaltung (5a, S1a; 5b, S1b),
enthaltend ein Umschaltelement (S1a, S1b), ausge-
bildet für einen Niedriggeschwindigkeitsbetrieb und
ausgebildet zum Ausführen eines Umschaltbetriebs
eines Entladebearbeitungsstroms (IWE1) mit einer
Periode, die die Periode des Entladungsaufrechter-
haltungsstroms (IWE2) überlappt und nach dem er-
sten Umschaltschaltungsbetrieb startet; und
eine zweite Antriebsschaltung (5a, 5b) zum Erzeu-
gen eines zweiten Antriebspulssignals (PD1) in An-
sprechen auf das Steuerpulssignal (PC) und mit ei-
ner Pulsbreite länger als die Pulsbreite des ersten
Antriebspulssignals (PD2), und Ausgeben des zwei-
ten Antriebpulssignals an die zweite Umschaltschal-

tung, und wobei die erste Umschaltschaltung ein
Schalten schneller ausführt als die zweite Umschalt-
schaltung, und das Steuerpulssignal (PC) eingege-
ben wird parallel zu der ersten Antriebsschaltung
und der zweiten Antriebsschaltung.

2. Das Energieversorgungsgerät für eine elektrische
Entladungsbearbeitung nach Anspruch 1, wobei die
Umschaltschaltung enthält
die erste Umschaltschaltung 6a, S2a; 6b, S2b), ent-
haltend irgendeines der Umschaltelemente (S2a,
S2b), passend für den Hochgeschwindigkeitsbetrieb
und ausgebildet zum Ausführen eines Umschaltbe-
triebs gemäß einem ersten Antriebspulssignals
(PD2), erzeugt in Ansprechen auf das Detektionssi-
gnal zum Starten der Entladung, und ein Umschal-
telement, passend für den Niedriggeschwindigkeits-
betrieb; und
die zweite Umschaltschaltung (5a, S1a; 5b, S1b),
enthaltend das Umschaltelement (S1a, S1b), pas-
send für den Niedriggeschwindigkeitsbetrieb (S1a,
S1b), und ausgebildet zum Ausführen eines Um-
schaltbetriebs, der mit einer Betriebszeit der ersten
Umschaltschaltung überlappt gemäß dem zweiten
Antriebspulssignal (PD1), erzeugt in Ansprechen auf
das Steuerpulssignal (PC).

3. Das Energieversorgungsgerät für eine elektrische
Entladungsverarbeitung nach Anspruch 2, wobei die
Pulsbreitensteuereinheit (4) enthält
eine erste Einstelleinheit zum Erzeugen des Steu-
erpulssignals (PC), das eingestellt wird auf eine er-
ste Pulsbreite, wobei eine Periode gegeben wird, in
der eines der zwei Umschaltelemente (S2a, S2b;
S1a, S1b) von einer der Umschaltschaltungen (6a,
S2a; 6b, S2b; 5a, S1a; 5b, S1b) in einen leitenden
Zustand kommt, und das Steuerpulssignal (PC) an
eine Antriebseinheit (6a, 6b, 5a, 5b) von dem einen
der zwei Umschaltelemente (S2a, S2b, S1a, S1b)
gibt; und
eine zweite Einstelleinheit zum Erzeugen des Steu-
erpulssignals (PC), das eingestellt wird auf eine
zweite Pulsbreite, wobei eine Periode gegeben wird,
in der das andere der zwei Umschaltelemente (S2a,
S2b; S1a, S1b) in einen leitenden Zustand kommt,
und das Steuerpulssignal an eine Antriebseinheit
(6a, 6b, 5a, 5b) von dem anderen der zwei Umschal-
telemente gibt.

4. Ein Energieversorgungsgerät für eine elektrische
Entladungsbearbeitung nach Anspruch 2, wobei die
Pulsbreitensteuereinheit enthält
eine Einstelleinheit zum Erzeugen des Steuerpuls-
signals, das eingestellt wird auf eine erste Pulsbreite;�
eine Erweiterungseinheit zum Erweitern der ersten
Pulsbreite zum Erzeugen einer zweiten Pulsbreite,
und Ausgeben des Steuerpulssignals der zweiten
Pulsbreite; und
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eine Umschalteinheit zum Umschalten des Steuer-
pulssignals mit der ersten Pulsbreite und des Steu-
erpulssignals mit der zweiten Pulsbreite, und Aus-
geben des Steuersignals an eine Antriebseinheit, die
die zwei Umschaltelemente (S2a, S2b; S1a, S1b)
antreibt gemäß einer Instruktion von außerhalb als
ein Steuerpulssignal mit einer Pulsbreite, die die ent-
sprechenden Umschaltelemente in einen leitenden
Zustand bringt.

5. Das Energieversorgungsgerät für eine elektrische
Entladungsbearbeitung nach Anspruch 1, wobei
die Umschaltschaltung enthält
die erste Umschaltschaltung 6a, S2a; 6b, S2b), ent-
haltend das Umschaltelement (S2a, S2b), passend
für den Hochgeschwindigkeitsbetrieb, der ausgebil-
det ist zum Ausführen eines Umschaltbetriebs ge-
mäß einem Antriebspulssignals, erzeugt in Anspre-
chen auf das Detektionssignal zum Starten der Ent-
ladung; und
die zweite Umschaltschaltung (5a, S1a; 5b, S1b),
enthaltend das Umschaltelement (S1a, S1b), pas-
send für den Niedriggeschwindigkeitsbetrieb, der
gesteuert wird zum Ausführen eines Umschaltbe-
triebs, der mit einer Betriebszeit der ersten Um-
schaltschaltung überlappt, nachdem der Umschalt-
betrieb der ersten Umschaltschaltung gestartet hat,
und
die Pulsbreitensteuereinheit (4) ausgebildet ist zum
Steuern der Pulsbreite des Steuerpulssignals, um
unterschiedlich zu sein voneinander zwischen zwei
Umschaltelementen in der zweiten Umschaltschal-
tung.

6. Das Energieversorgungsgerät für eine elektrische
Entladungsbearbeitung nach Anspruch 2, wobei
die Pulsbreitensteuereinheit (4) enthält
eine erste Einstelleinheit zum Erzeugen des Steu-
erpulssignals, das eingestellt wird auf eine erste
Pulsbreite; �
eine Erweiterungseinheit zum Erweitern der ersten
Pulsbreite zum Erzeugen einer zweiten Pulsbreite,
und Ausgeben des Steuerpulssignals der zweiten
Pulsbreite; �
eine Umschalteinheit zum Umschalten des Steuer-
pulssignals mit der ersten Pulsbreite und des Steu-
erpulssignals mit der ersten Pulsbreite und des Steu-
erpulssignals mit der zweiten Pulsbreite, und Aus-
geben des Steuersignals an eine Antriebseinheit
(5a, 5b, 6a, 6b), die die zwei Umschaltelemente
(S2a, S2b;. S1a, S1b) antreibt gemäß einer Instruk-
tion von außerhalb als ein Steuerpulssignal mit einer
Pulsbreite, die die entsprechenden Umschaltele-
mente in einen leitenden Zustand bringt; und
eine zweite Einstelleinheit zum Einstellen einer Puls-
breite, wobei eine Periode gegeben wird, in der die
entsprechenden zwei Umschaltelemente (S2a, S2b)
in der ersten Umschaltschaltung in einen leitenden

Zustand gebracht werden, und Antriebseinheiten
(6a, 6b, 5a, 5b) zum Antreiben der entsprechenden
zwei Umschaltelemente in der ersten Umschalt-
schaltung das Detektionssignal empfangen zum
Starten der Entladung, und ein Antriebspulssignal
mit der Pulsbreite erzeugen, die eingestellt wird
durch die zweite Einstelleinheit, um die entsprechen-
den Umschaltelemente anzutreiben.

Revendications

1. Dispositif d’alimentation en énergie pour usinage par
décharge électrique comprenant :�

un circuit de commutation (5a, S1a ; 5b, S1b ;
6a, S2a ; 6b, S2b) pour fournir un courant im-
pulsionnel de décharge (PS) à une partie entre
électrodes (105) entre une électrode (E) et une
pièce de travail (W) servant d’autre électrode
agencée pour être opposée à l’électrode (E) à
un intervalle prédéterminé ;
un circuit de détection de décharge (3) pour dé-
tecter la survenance d’une décharge dans la
partie entre électrodes et pour produire un signal
de détection en réponse au début de la
décharge ; et
une unité de commande de largeur d’impulsion
(4) pour produire un signal impulsionnel de com-
mande (PC) d’une largeur d’impulsion prédéter-
minée en réponse audit signal de détection
caractérisé en ce que
le circuit de commutation comprend :�

un premier circuit de commutation (6a,
S2a ; 6b, S2b) comprenant un élément de
commutation (S2a, S2b) conçu pour un
fonctionnement à haute vitesse, et
un premier circuit de commande (6a, 6b)
pour produire un premier signal impulsion-
nel de pilotage (PD2) en réponse au signal
impulsionnel de commande (PC) pour pilo-
ter le premier circuit de commutation pour
effectuer une opération de commutation
d’un courant de maintien de décharge
(IWE2) ; et
un second circuit de commutation (5a, S1a ;
5b, S1b) comprenant un élément de com-
mutation (S1a, S1b) conçu pour un fonc-
tionnement à basse vitesse et conçu pour
effectuer une opération de commutation
d’un courant d’usinage par décharge
(IWE1) avec une période chevauchant la
période du courant de maintien de déchar-
ge (IWE2) et commençant après le fonction-
nement du premier circuit de commutation ;
et
un second circuit de pilotage (5a, 5b) pour
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produire un second signal impulsionnel de
pilotage (PD1) en réponse au signal impul-
sionnel de commande (PC) et ayant une lar-
geur d’impulsion supérieure à la largeur
d’impulsion du premier signal impulsionnel
de pilotage (PD2) et pour sortir ledit second
signal impulsionnel de pilotage vers le
second circuit de commutation, et

de sorte que le premier circuit de commutation
effectue la commutation plus rapidement que le
second circuit de commutation et le signal im-
pulsionnel de commande (PC) est entré paral-
lèlement dans le premier circuit de pilotage et
dans le second circuit de pilotage.

2. Dispositif d’alimentation en énergie pour usinage par
décharge électrique selon la revendication 1, dans
lequel le circuit de commutation comprend :�

le premier circuit de commutation (6a, S2a ; 6b,
S2b) comprenant n’importe lequel des éléments
de commutation (S2a, S2b) approprié pour un
fonctionnement à haute vitesse et conçu pour
effectuer une opération de commutation selon
un premier signal impulsionnel de pilotage
(PD2) produit en réponse au signal de détection
pour commencer la décharge et d’un élément
de commutation approprié pour le fonctionne-
ment à basse vitesse ; et
le second circuit de commutation (5a, S1a ; 5b,
S1b) comprenant l’élément de commutation
(S1a, S1b)� approprié pour le fonctionnement à
basse vitesse (S1a, S1b) et conçu pour effectuer
une opération de commutation chevauchée
avec un temps de fonctionnement du premier
circuit de commutation selon le second signal
impulsionnel de pilotage (PD1) produit en ré-
ponse au signal impulsionnel de commande
(PC).

3. Dispositif d’alimentation en énergie pour usinage par
décharge électrique selon la revendication 2, dans
lequel l’unité de commande de largeur d’impulsion
(4) comprend : �

une première unité de réglage pour produire le
signal impulsionnel de commande (PC) qui est
réglé à une première largeur d’impulsion don-
nant une période dans laquelle un élément par-
ticulier des deux éléments de commutation
(S2a, S2b ; S1a, S1b) d’un des circuits de com-
mutation (6a, S2a ; 6b, S2b ; 5a, S1a ; 5b, S1b)
entre dans un état conducteur, et donne le signal
impulsionnel de commande (PC) à une unité de
pilotage (6a, 6b, 5a, 5b) de l’élément particulier
des deux éléments de commutation (S2a, S2b,
S1a, S1b) ; et

une seconde unité de réglage pour produire le
signal impulsionnel de commande (PC) qui est
réglé à une seconde largeur d’impulsion don-
nant une période dans laquelle l’autre des deux
éléments de commutation (S2a, S2b ; S1a, S1b)
entre dans un état conducteur, et donne le signal
impulsionnel de commande à une unité de pilo-
tage (6a, 6b, 5a, 5b) de l’autre des deux élé-
ments de commutation.

4. Dispositif d’alimentation en énergie pour usinage par
décharge électrique selon la revendication 2, dans
lequel l’unité de commande de largeur d’impulsion
comprend : �

une unité de réglage pour produire le signal im-
pulsionnel de commande qui est réglé à une pre-
mière largeur d’impulsion ;
une unité d’extension pour étendre la première
largeur d’impulsion pour produire une seconde
largeur d’impulsion, et pour sortir le signal im-
pulsionnel de commande ayant la seconde lar-
geur d’impulsion ; et
une unité de commutation pour commuter le si-
gnal impulsionnel de commande ayant la pre-
mière largeur d’impulsion et le signal impulsion-
nel de commande ayant la seconde largeur d’im-
pulsion, et pour sortir le signal de commande
vers une unité de commande, qui pilote les deux
éléments de commutation (S2a, S2b ; S1a, S1b)
selon une instruction provenant de l’extérieur en
tant que signal impulsionnel de commande
ayant une largeur d’impulsion qui amène les élé-
ments de commutation respectifs dans un état
conducteur.

5. Dispositif d’alimentation en énergie pour usinage par
décharge électrique selon la revendication 1, dans
lequel :�

le circuit de commutation comprend :�

le premier circuit de commutation (6a, S2a ;
6b, S2b) comprenant l’élément de commu-
tation (S2a, S2b) approprié pour le fonction-
nement à haute vitesse qui est conçu pour
effectuer une opération de commutation se-
lon un signal impulsionnel de commande
produit en réponse au signal de détection
pour commencer la décharge ; et
le second circuit de commutation (5a, S1a ;
5b, S1) comprenant l’élément de commuta-
tion (S1a, S1b) approprié pour le fonction-
nement à basse vitesse qui est commandé
pour effectuer une opération de commuta-
tion chevauchée avec un temps de fonction-
nement du premier circuit de commutation
après l’opération de commutation du pre-
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mier circuit de commutation démarré, et
l’unité de commande de largeur d’impulsion
(4) est conçue pour commander la largeur
d’impulsion du signal impulsionnel de com-
mande pour qu’elles diffèrent l’une de
l’autre entre les deux éléments de commu-
tation dans le second circuit de commuta-
tion.

6. Dispositif d’alimentation en énergie pour usinage par
décharge électrique selon la revendication 2, dans
lequel :�

l’unité de commande de largeur d’impulsion (4)
comprend :�

une première unité de réglage pour produire
le signal impulsionnel de commande qui est
réglé à une première largeur d’impulsion ;
une unité d’extension pour étendre la pre-
mière largeur d’impulsion pour produire une
seconde largeur d’impulsion, et pour sortir
le signal impulsionnel de commande ayant
la seconde largeur d’impulsion ;
une unité de commutation pour commuter
le signal impulsionnel de commande ayant
la première largeur d’impulsion et le signal
impulsionnel de commande ayant la secon-
de largeur d’impulsion, et pour sortir le si-
gnal de commande vers une unité de pilo-
tage (5a, 5b, 6a, 6b), qui pilote les deux élé-
ments de commutation (S2a, S2b ; S1a,
S1b) selon une instruction provenant de
l’extérieur en tant que signal impulsionnel
de commande ayant une largeur d’impul-
sion qui amène les éléments de commuta-
tion respectifs dans un état conducteur ; et
une seconde unité de réglage pour régler
une largeur d’impulsion donnant une pério-
de dans laquelle les deux éléments de com-
mutation respectifs (S2a, S2b) dans le pre-
mier circuit de commutation sont amenés
dans un état
conducteur, et

des unités de pilotage (6a, 6b, 5a, 5b) pour pi-
loter les deux éléments de commutation respec-
tifs dans le premier circuit de commutation re-
çoivent le signal de détection pour démarrer la
décharge, et produire un signal impulsionnel de
pilotage ayant la largeur d’impulsion réglée par
la seconde unité de réglage pour piloter les élé-
ments de commutation respectifs.
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